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Geographic Regions and Categorizations in New York State
This paper refers to various geographic distinctions within New York State. For the sake
of simplification, these divisions are addressed here. The division between upstate and
downstate New York is debated. This paper uses percentage of rural areas within counties to
distinguish between the regions (Map 1). Based on this division, downstate includes the
counties of New York City (Bronx, Kings, New York, Queens and Richmond) as well as those of
Nassau, Rockland, Suffolk and Westchester. Although Long Island contains Kings and Queens
counties, the term is generally used to describe the counties of Nassau and Suffolk. Upstate
refers to the remaining 53 counties in the state.
Another term of identification is the Hudson Valley, which refers both to the geographic
region (the valley of the Hudson River and its adjacent communities) and to one of the eleven
Control Area Load Zones in New York State ("Hudson Valley," 2021; New York Independent
System Operator, n.d.). The Control Area Load Zones, which are identified by the letters A-K
and the names of regions or towns, were initially developed after the 1965 Northeast blackout
to identify critical electricity transmission interfaces, or “groupings of transmission lines which
measure the transfer capability between regions” (New York State Department of Public
Service, 2005, p. 15).
New York State has specific incentives targeted to larger-scale solar energy installations
in the Control Area Load Zones of G-J. These zones correspond to New York City, the counties of
Dutchess, Orange, Putnam, Rockland and Westchester and the portions of Albany, Columbia,
Greene, Sullivan and Ulster counties included in the service territory of Central Hudson Gas and
9

Electric. Except for parts of Westchester County (Zones H and I) and all of New York City (Zone
J), which form the Con Edison service territory, this area is encompassed by Zone G, which is
also referred to as the Hudson Valley (Map 2).
To explore the potential relation between solar installations and solar irradiation, as
well as incentives, this study created a geographic division referred to as the Lower Hudson
Valley. This region encompasses the counties of Dutchess, Orange, Putnam, Rockland, Ulster
and Sullivan, as well as the portions of Westchester excluded from the Con Edison territory
(Map 2). While it does not correspond exactly with Zones G-I, it is used as a proxy to explore a
specific set of incentives, which are discussed in Chapter 2. The geographic division of the
Lower Hudson Valley and solar irradiation is discussed in the methodology chapter. Solar
irradiation, also referred to as insolation, is the total amount of solar radiation energy received
on a given surface area during a given time.
This paper also refers to Zone F, or the Capital Region. This corresponds to the counties
of Fulton, Hamilton, Montgomery, Rensselaer, Saratoga, Warren and Washington, as well as the
parts of the counties of Albany, Columbia, Otsego and Schoharie included in the utility service
territory of National Grid (Map 2).
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Figure 1. New York State Counties: Percentage of Rural Population (2018)
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Figure 2. New York State Utility Service Areas
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1. Introduction
In many ways, New York is comprised of two regions, upstate and downstate. Albeit
with exceptions, upstate is rural and downstate is urban. Balancing the needs and demands of
the two regions is a constant challenge that permeates many aspects of life, including the
division of resources. One such resource is energy, particularly renewable energy. With the
hydropower provided by Niagara Falls, upstate has long provided a third of the state’s energy
supply, much of which is consumed downstate.
More recently, upstate has had the space to support onshore wind and solar farms.
While such installations can contribute to rural economies and supplement individual incomes,
some communities have become alarmed by their proliferation (Mishanec, 2020; Negley, 2017;
Rusack, 2020). Such concern has intensified as recent state legislation has removed
communities’ role from the decision-making process over the siting of large-scale projects.
Some county legislators have gone so far as to opt out of state tax exemptions for large-scale
solar and wind installations, demanding to know why their communities should bear the
burden of downstate demand for renewable energy (Schuler, 2020).
This paper seeks to begin to understand the interplay between upstate and downstate
and renewable energy. While there is little doubt that energy supplies need to be decarbonized
on a global scale, the impacts of this transition on space and place are yet fully understood. As
Huber and McCarthy (2017, p.1) note, the “definition of energy as ‘the capacity to do work’
ignores key aspects of the space required for energy in the first place.” Additionally, as
humanity moves from subterranean (i.e., fossil fuels) to renewable energy sources, the
13

“spatially extensive nature of such energy technologies should raise important political
questions about existing land-use patterns and livelihoods, particularly in rural areas” (Huber &
McCarthy, 2017, p. 1). While this paper does not purport to examine such larger questions, it
attempts to lay the necessary groundwork for such an exploration.
As such, this groundwork consists of an analysis of the current distribution and drivers
of solar photovoltaic (PV) installations across New York. The paper seeks to not only understand
the current situation on the ground, but also the factors behind the proliferation of solar to
glean insight into why the technology has been more successful in some locations than others.
Solar PV was chosen as the focus of this exploration because it is readily available to be
installed on rooftops, which are prevalent in downstate, as well as in ground-mounted arrays,
which require more space.
In addition to the adaptability of solar, the technology is projected to increase both
nationally and statewide in response to the pressure to decarbonize. Solar is projected to
increase from 19% of electricity generation in the United States in 2019 to 38% by 2050.
Furthermore, in New York State, Governor Andrew Cuomo has set a target of 6 gigawatts of
distributed solar capacity by 2025. As of December 2020, New York State has a distributed solar
capacity of 2.3 gigawatts (New York State Energy and Research Authority, 2020f).
New York State has provided a series of incentives to support renewable energy,
including solar energy, since 2000. As these incentives vary by year and sector, Chapter 2
provides an overview of solar PV installations and New York State. The terms and explanations
provided in the second chapter inform Chapter 3, which reviews the literature of drivers behind
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solar PV uptake. The focus of the literature review is on papers focused on New York State,
although other geographies are included where relevant.
The literature on solar PV installations in New York State can be organized by geographic
and sector focus. Residential solar in the state has been explored in the context of the
Northeastern states and in two studies contrasting it to Texas. One of these studies considers
all of New York State except Nassau and Suffolk Counties on Long Island, the other focuses on
selected census blocks. Community or shared solar projects have been explored in contrast
with California and in the context of New York City. Attitudes toward larger-scale solar projects
on Long Island have also been explored. This thesis is the only consideration to date of
residential, small-scale commercial, industrial and community solar projects across New York
State.
Most of the literature reviewed in preparation for this study used a dataset provided by
the National Renewable Laboratory, which is no longer accessible (National Renewable Energy
Laboratory, n.d.-a). The dataset used for this study is maintained by the New York State Energy
and Research Agency (NYSERDA). One limitation of this dataset is that it only contains data on
projects that have received NYSERDA incentives and geographic data is only provided at the zip
code level. New York State maintains data on all solar installations in the state, but geographic
information is limited to the county level. An attempt was made to align the two sets of data,
but there were several instances in which the number of projects and kW per county that
received support from NYSERDA was greater than the total number of projects and kW per
county to make for a useful comparison.
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Building on the drivers gleaned from the literature review, this research considered a
variety of socioeconomic and geographic variables as potential drivers of solar PV uptake. Using
Python and the statistical platform SPSS, the number of solar projects and kilowatts were
organized by sector and binomial regressions were conducted. Based on the binomial results,
variables were selected for multivariate regression analyses. This data, along with the
methodologies applied to explore the data, is discussed in the methodology chapter (Chapter
4). Among the terms discussed in this chapter are Zip Code Tabulation Areas (ZCTA), which are
areas assigned to zip codes by the United States Census Bureau.
The results chapter (Chapter 5) summarizes the independent variables selected for the
analysis based on the results of the binomial regression. The variables included in the analysis
were (1) the percentage of owner-occupied housing valued between USD 300,000 to 749,999
per ZCTA, (2) the percentage of total median earnings from computer, engineering and science;
protective services; or healthcare and technical occupations per ZCTA, (3) the percentage of
household income between USD 150,000 to 199,999 per ZCTA, (4-5) housing and population
density per ZCTA (6) the percentage of rural population at the county level, (7) the number of
substations per zip code and (8) cost of the project per kW. The data was divided into four
geographic regions to determine if solar irradiation or historic electricity prices played a role in
solar proliferation. A series of maps were created in ArcGIS to visualize the data. Map 3
provides a visualization of total kW per ZCTA across New York State.
While residential solar projects were found across the state, they were most heavily
concentrated in downstate (Long Island, New York City and portions of the Lower Hudson
Valley), areas of the Capital region centered around Schenectady and the city of Ithaca in
16

Tompkins County (Map 4). Larger scale projects were located upstate and the less densely
populated areas of the Lower Hudson Valley, particularly in Orange County. Thus, although
there were more projects and kW generation power downstate, individual solar PV installations
were more likely to be larger in size upstate. Additionally, while downstate projects were
mostly rooftop installations, upstate projects were more likely to be ground-mounted solar
arrays.
While the decision-making process related to residential projects is determined on an
individual basis, there are several variables that can indicate where projects are more likely to
occur. These variables include housing values, occupation, household income, zip code density
and the presence of substations. There are fewer variables (project cost per kW and the
percentage of rural population) to determine larger-scale projects, many of which are
community-based. While the first half of the discussion chapter (Chapter 6) explores factors
behind the variables, the second half of the discussion focuses on the characteristics and
community attitudes toward large-scale projects.
It should be noted that the landscape of solar installations in New York is changing with
the repeal of Article 10, which gave communities a voice in the placement of solar installations
greater than 25 megawatts (MW) in size. Communities that were once welcoming of solar
installations are now less so. It is hoped that this study can provide an understanding of the
factors and drivers behind solar installation to date. Suggestions as to future areas of research
are included in the final section of the discussion chapter. The conclusion (Chapter 7)
summarizes the key points of the paper, with an emphasis on future areas of research.
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Figure 3. PV Projects Supported by NYSERDA per ZCTA (Dec. 2000 – Aug. 2020)
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2. Solar Photovoltaic and New York State: A Brief Overview
If the world is to mitigate climate change, we need to decarbonize our energy supply.
This includes our electricity supply, which is responsible for 26.9% of 2018 greenhouse gas
emissions in the United States and 15% of emissions in New York State (New York State
Department of Conservation, 2021; United States Environmental Protection Agency, 2021).
Solar, along with hydropower, geothermal, biomass and wind, are low carbon sources of
electricity. While solar and other renewables, including hydropower, accounted for 19% of U.S.
electricity generation in 2019, the EIA projects that they will comprise 38% of the electricity
generation by 2050.
Solar is projected to increase from 15% of total renewable generation to 46% by 2050
(United States Energy Information Administration, 2020). Related to this, Governor Andrew
Cuomo has set a goal of 70% renewable energy by 2030 in New York State (the state’s current
electricity generation is comprised of 24% hydropower and 7% other renewables) (United
States Energy Information Administration, 2021a). Included in this goal is 6 gigawatts (GWdc) of
distributed solar by 2025, a doubling of the current number of 2.8 GWdc (New York State
Energy and Research Authority, 2020b, 2020f). As there are different classifications and types of
solar, this section provides a brief overview of different terms that will inform the rest of this
paper.

2.1 Solar PV Technology
Solar radiation used for electricity is either captured by concentrating solar collector
systems or PV panels. Concentrated systems collect direct solar radiation and are commonly
19

used in dry or arid areas such as Arizona. They are outside the scope of this analysis. PV
collectors capture diffused solar radiation that is absorbed, scattered or reflected by clouds,
dust, pollution and other elements as it passes through the atmosphere (Office of Energy
Efficiency & Renewable Energy, 2021; United States Energy Information Administration, 2021b).
Solar PV installations can come in many sizes, from rooftop installations on residences or
commercial buildings to large farms.
Solar PV is measured in watts (W) of either direct current (DC or Wdc), which represents
the solar radiation collected by the panels, or alternating current (AC or Wac), which has been
converted from DC by an inverter for use as electricity. While the conversion from DC to AC
depends on numerous factors, an approximate ratio is 1.2 MWdc to 1 MWac ("An optimal DC to
AC ratio for solar inverters," 2019). The data used in this analysis is MWdc, referred to
throughout as MW. References in the text to MWdc or MWac are designations taken from the
original source material.

2.2 Policies Supportive of Solar PV
To increase the uptake of renewable energy sources, including solar, many states apply
Renewable Portfolio Standards (RPS). These are regulatory mandates to “increase the
production of energy from renewable sources” that are often designed and implemented at the
state level (National Renewable Energy Laboratory, 2021b). In 2004, New York State established
a RPS to procure 30% of its electricity from clean energy sources (including nuclear) by 2013.
This target was extended to 50% by 2030 in 2016 (National Renewable Energy Laboratory,
2021a; New York State Energy and Research Authority, 2021c). New York State’s RPS differs
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from those of other states in that instead of focusing on the demand side by requiring electric
utilities to source renewable energy, it focuses on promoting production. This renewable
production is managed by NYSERDA.

2.3 Solar PV Sectors in New York State
NYSERDA provides incentives (and tracks data) for distributed solar projects, which are
installations of less than 5 MWac that require interconnection to the grid and customer
commitments to purchase the electricity ("Installing Solar: Interconnection and Net Metering,"
n.d.; New York State Energy and Research Authority, 2020d). Projects larger than 5 MWac are
generally referred to as large- or utility-scale solar installations that are constructed primarily to
provide wholesale electricity to the grid. Such projects are typically not included in the
NYSERDA dataset.
Distributed solar projects are often community, residential or commercial rooftop or
small ground-mounted solar installations (New York State Energy and Research Authority,
2020a). Small commercial projects are currently classified as less than 750 kW, while
commercial/industrial projects, which this paper refers to as industrial, are more than 750 kW.
Residential and small commercial solar projects consist of installations on one-to-four family
residences, multifamily buildings, small- and mid-sized commercial buildings, other nonresidential structures and offsite projects.
Ground-mounted arrays typically range between 5 MWdc and 7.5 MWdc in size and
occupy approximately 20-25 acres of land. These are typically on rural properties that a
landowner leases or sells to a solar developer (New York State Energy and Research Authority,
21

2020b). Earlier New York State documentation estimated that for every megawatt of groundmounted solar, approximately five acres of land is needed (New York State Energy and Research
Authority, 2012b).
Community solar, also known as community distributed generation, community
distributed solar, shared solar or solar gardens (Hess & Lee, 2020; O’Shaughnessy, 2019; Peters,
Fudge, High-Pippert, Carragher, & Hoffman, 2018), can refer to a variety of models. In New York
State it is an opportunity for residents who are unable to install residential panels to purchase
shares in a solar installation located within their county. Only an estimated 22% of rooftop
space in cooler climates in the United States is available for solar due to shading, directional
orientation and lack of minimal needed space and access, particularly in the case of renters or
residents of multifamily dwellings (Denholm, 2008). Community solar projects supported by
NYSERDA can be either small commercial installations or industrial arrays.
Prior to 2018, NYSERDA supported projects less than 2 MW and the division between
small commercial and commercial/industrial was 200 kW (New York State Energy and Research
Authority, 2018a, 2018b). This change is likely related to a March 2016 update of New York
interconnection requirements for distributed generators from up to 2 MW to up to 5 MW
(National Renewable Energy Laboratory, 2021a).

2.4 Geography and Solar PV Policy in New York State
In addition to policies based on types and sizes of PV projects, New York State policies
also address load, or the amount of electricity in the grid at any one time. While NYSERDA has
provided statewide solar incentives since 2002, the Long Island Power Authority (LIPA), which
22

serves Nassau and Suffolk counties and the Rockaway Peninsula in Queens County, has offered
solar incentives since 2000 (DSIRE, 2019; New York State Energy and Research Authority, 2012a,
2012b). Long Island, an “isolated load pocket” facing “siting, land acquisition, and
environmental mitigation challenges, ” (New York State Energy Planning Board, 2000, p. 41) has
traditionally had high electricity rates (Prior, 2013).
Load pockets are areas with high demand for power and limited transmission capacity,
which prevents the meeting of energy needs with outside power sources (Eastern Generation
LLC, n.d.). Dense populations and geographic isolation are contributing factors, as is local
opposition to energy generation projects, such as protests in Long Island over concern that a
proposed power plant would generate smoke, dust and noise, lowering property values
(Benjamin, 2008; Toy, 2000). Based on availability of sunlight and the relative cost of electricity,
Long Island and New York City, another area of high load, were the only localities in which the
state initially modelled solar potential (New York State, 2002).
NYSERDA established the geographic balance (regional) program to provide additional
incentives for the installation of projects above 5 MW in the Hudson Valley and New York City
(Zones G–J) in 2010 (New York State Energy and Research Authority, 2012a). This program
sought to correct the imbalance between the amount of incentives provided for projects and
the resulting generation of electricity caused by the predominance of small-scale installations in
Zones G-J (State of New York Public Service Commission, 2010). Although not explicitly stated, it
can be assumed that this imbalance is due to the high population density and limited amount of
open space in these zones.
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In 2013, the Public Service Commission authorized NYSERDA to work with LIPA and the
Department of Public Service to establish a statewide MW block program, in which different
regions are broken into blocks that are assigned an allocation of MW eligible for incentives.
Incentives remain available until all blocks within a region or sector are fully subscribed (New
York State Energy and Research Authority, 2014, n.d.-a). NYSERDA’s current incentive program
is based on blocks of MW separately allocated to the Con Edison utility service territory, Long
Island and Upstate (New York State Department of Public Service, 2019; New York State Energy
and Research Authority, n.d.-a) (Map 2). An additional solar PV incentive, for low-to-moderate
income households, has been in effect since 2015 (National Renewable Energy Laboratory,
2021a).

2.5 Installation Size and Siting Policy in New York State
In terms of large-scale renewables, prior to April 2020 any new facility capable of
producing more than 25 MW of power required approval through the energy project siting law
known as Article 10, which required representation of prospective siting locations in the review
process ("Editorial--State of the green state: Cuomo is again ignoring local voices with climate
initiatives," 2021). As a result of this requirement, between 2011 and April 2020, only five
projects over 25 MW received approval and none had started full-scale construction (French,
2020; Iaconangelo, 2020). Governor Cuomo removed renewable energy projects from Article 10
to facilitate the approval process. While such larger installations are generally outside the scope
of this study, it is important to note the role that communities have traditionally played in the
approval process of larger scale renewable energy projects. The roles of communities in solar
energy siting will be further explored in the discussion chapter, as well as the literature review.
24

3. Literature Review
Several scholars have explored the factors influencing the adoption of solar PV both in
the United States and around the globe (Kwan, 2012; Sommerfeld, Buys, Mengersen, & Vine,
2017). Much of this research has focused on the drivers behind uptake of residential PV, but
there have been studies on small- and large-scale commercial, utility and community
installations as well (Crago & Koegler, 2018; Kwan, 2012; O’Shaughnessy, 2019; Schelly,
Prehoda, Price, Delach, & Thapaliya, 2020; Sward, Siff, Gu, & Zhang, 2019). Studies have
explored adoption at the zip-code, census block, municipal, state, regional and national scale.
Several of the studies considering adoption at the state or regional level have analyzed zip code
– level data (Bollinger & Gillingham, 2012; Crago & Chernyakhovskiy, 2017; Kwan, 2012; Li & Yi,
2014).
While they can be categorized in numerous ways, drivers of adoption are generally
identified as policy and economic incentives; insolation; peer effects (i.e., social interactions);
demographic, socioeconomic and environmental factors; housing characteristics; and values
and attitudes. These latter factors include trust of PV installers or contractors. Research
methods have included statistical and GIS analysis, agent-based modeling, interviews and
surveys (Graziano & Gillingham, 2014; Robinson & Rai, 2015; Schelly, 2014).
Scholars have analyzed different drivers of PV installations at different levels of scale in
different geographies. Beginning with residential solar PV, this literature review initially focuses
on factors that have had the most impact at the largest scale. The first section explores drivers
of PV uptake at the national level, followed by a consideration of the key drivers in other
25

contexts. This is followed by an examination of the variables driving uptake at the state or
regional level and then the household level. Explorations of socioeconomic and demographic
factors are followed by one of personal motivations and attitudes. While an attempt is made to
review drivers individually, this is not always possible as the impact of variables changes at
different levels of scale and in concert with other variables.
The second section of the review is focused on non-residential PV. Featured in this
section are studies on community attitudes towards non-residential installations, corporate
motivations and the enabling conditions for community solar. The community solar section
closes with a consideration of personal motivations for participation in such projects.

3.1 Residential Solar PV
3.1.1 Insolation, Economic Incentives and Electricity Cost
Insolation

One of the earliest explorations of residential PV uptake in the United States is Kwan
(2012). His analysis considers the continental United States and looks at a variety of variables,
including insolation, economic incentives and personal values. Among variables that are
statistically significant (p < .01), Kwan found insolation to be the most important in terms of
contributing to the “greatest percent change in count of residential solar PV installations per
standard deviation change” (2012, p. 342). Financial variables, particularly the cost of electricity
and the amount of available financial incentives (both statistically significant at p < .01) are also
important, contributing to high levels of solar PV uptake in the Northeast.
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Other considerations of insolation indicate that exposure to sunlight is a leading factor in
driving uptake of solar PV when there is significant variation between levels of irradiation. While
Kwan (2012), found insolation to be one of the most important factors in solar PV uptake at the
national scale, Crago & Chernyakhovskiy (2017), in their study of 300 counties in the
Northeastern U.S., found insolation to be less statistically significant (p < .05) than other factors.
Interestingly, at the other end of the spectrum in terms of scale, Robinson & Rai (2015) found
insolation to be among the most important factors in predicting solar uptake at the household
level.
Robinson & Rai (2015) incorporate a variety of variables in the development of models
to predict adoption of residential solar by single-family households in Austin, Texas between
2004–2013. Variables include solar program data (cost, system technical details, timing of
adoption) and location, home value and environmental variables (roof and lot size, elevation,
slope, shading, insolation). Using household level insolation (calculated using ESRI’s solar
radiation toolset) enabled the model to accurately predict adoption in sections of Austin with
large homes built on wooded hillsides (Robinson & Rai, 2015).
While the variables of home value, tree cover and insolation were adequate to predict
adoption levels over time, accurate prediction of spatial and demographic patterns require
consideration of social interactions and attitudes toward solar. Without these elements, model
results have 36% lower spatial accuracy and 42% higher demographic error (Robinson & Rai,
2015). These findings highlight the importance of the interplay of different variables and the
role of scale, topics that will be explored throughout this review.
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Economic Incentives and Policy
After insolation, Kwan (2012) found financial incentives to be the most important factors
in determining solar PV uptake at the national level. While Kwan considered economic (and
policy) incentives in aggregate, other researchers have looked at specific policies and related
economic incentives. Crago & Chernyakhovskiy (2017) use five different models, including the
Tobit estimator and Ordinary Least Squares, to explore the impact of policy incentives on
residential PV at the county level for 12 Northeastern states and the District of Columbia
between 2005–2012. A regression model that censors the range of the observed and predicted
variables, the Tobit estimator is used in instances in which the dependent variable is zero for a
significant number of observations but is continuous over positive values. The Ordinary Least
Squares regression model minimizes variance, or the average squared difference of the mean,
between the observed and predicted values.
Included in the policy and financial incentives that Crago & Chernyakhovskiy (2017)
explore are rebates, tax credits and tax exemptions. Among the financial incentives, only
rebates have a large and significant effect (p < .01). Solar rights regulations (state laws that
prohibit local governments from enacting regulations or ordinances restricting a homeowner's
ability to install a solar PV system) and allowing third party ownership (a solar company owns
and maintains the system while the homeowner can use the electricity generated, e.g., a Power
Purchase Agreement (Sunrun, 2021)) are also strong predictors of solar capacity growth. Other
variables, such as electricity price are also significant (p < .01), but not across all models (Crago
& Chernyakhovskiy, 2017).
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Li & Yi (2014) also consider policy and economic incentives, along with insolation, in
their consideration of 186 U.S. cities. They find that cities that are subject to RPS requirements
have 295% more solar PV capacity compared with cities not regulated by state RPS. However,
RPS solar carve-out (a target for meeting a portion of the RPS goal with electricity generated
from solar panels), financial incentives and net metering policies at the state-level are found to
be insignificant.
Kwan (2012) did not consider RPS as an isolated factor, while Crago & Chernyakhovskiy
(2017) considered the number of years that a technology-neutral RPS (i.e., one without targets
for specific technologies) had been in effect at the time of their study. They found it to be
signficant (p < .01) in only one of their five models. The reason for the different findings of the
two studies is not readily apparent, though Li & Yi (2014) specifically considered cities that were
subject to RPS. Some states only apply RPS to investor-owned utilities, whereas many
municipalities have their own utilities, and so this may be factor, as may be the specific
construction of the study, or the difference in scale.
In terms of municipal policies, cities providing local financial incentives have 69% more
solar PV capacity than cities without such incentives (Li & Yi, 2014). The results indicate that
solar radiation (measured as peak sun hours per day (kW h/m2 /day)) and city population size
are positively correlated with local solar PV capacity. Li & Yi (2014) did not include electricity
price among their variables.
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Electricity Price
While Kwan (2012) found electricity price to be strong driver of uptake, Crago &
Chernyakhovskiy (2017) found it to play a less prominent role. Cyrs (2018), who looked at
electricity prices in the Con Edison and upstate region of New York and the cities of Austin and
San Antonio in Texas, also found price to be of less importance. The reason for the different
results appears to be related to levels of variability across different geographies and scales. For
instance, electricity prices in the Northeast tend to be higher than the rest of the country,
excepting for Alaska, California and Hawaii (Crago & Chernyakhovskiy, 2017; U.S. Energy
Information Administration, 2020). Accordingly, one would expect to find less variability
between state electricity prices in the Northeast region compared to the rest of the country.
Furthermore, while Kwan and Crago & Chernyakhovskiy used average state-level prices
for electricity at the country or regional level, Cyrs used zip-code level prices for individual
states. The price of electricity was found to be statistically insignificant in Texas, but significant
(p < .001) for New York. Cyrs postulates that this difference is most likely due to the lower price
of electricity in Texas than New York and the relatively lack of volatility in electricity price
between the Texan cities when compared with the Con Edison and upstate regions of New
York. The role of scale and the interaction between variables will be further explored in the
next section.
3.1.3 The Role of Scale
The studies referenced above indicate that while the most important factors influencing
PV uptake at the country-level may well be insolation, economic incentives and policy and
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electricity prices, the relative importance of these variables depends on scale. Insolation plays a
significant role in solar PV uptake at the municipal or national scale when measured at the
household or zip-code level (Kwan, 2012; Robinson & Rai, 2015). Yet, when measured at the
county-level for consideration at regional scale, it is found to be less significant (Crago &
Chernyakhovskiy, 2017). Li & Yi (2014), in a review of 186 cities across the U.S., found solar
radiation calculated at the municipal level using PVWatts data from the National Renewable
Energy Laboratory to be a significant factor in adoption, but not as important as state RPS
requirements (National Renewable Energy Laboratory, n.d.-b).
Kwan (2012) did not consider RPS as an isolated factor, while Crago & Chernyakhovskiy
(2017) found it to be signficant (p < .01) in only one of the five models. Li & Yi (2014) also found
financial incentives to be significant at the municipal level, but not at the state level, thus
further emphasizing the critical role that scale plays in determining the importance of factors
influencing PV uptake. In terms of electricity price, Cyrs (2018), found it to be signficant in one
location, but not another, due to regional differences in price volatility. This is not to negate the
findings of Kwan or other researchers, but to put them in further context.
While this section has focused on insolation, economic incentives and price of
electricity, with the exception of Li & Yi (2014), the papers reviewed above also considered
housing, demographics and social interactions. Some researchers found them to be statistically
significant, but not the most important drivers. The following section describes the variables of
housing chararacteristics and peer effects, which can be considered as of the next degree of
importance after consideration of insolation, electricity price and incentives. References will be
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made to Kwan (2012), Robinson & Rai (2015), Crago & Chernyakhovskiy (2017) and Cyrs (2018)
in the subsequent sections as pertinent.
3.1.4 Peer Effects, Housing Characteristics and Household Income
Both Kwan (2012) and Robinson & Rai (2015) noted the influence of neighbors, whether
at the zip code or the household level. Kwan noted that zip codes with high levels of solar PV
installation tended to cluster together while Robinson & Rai indicated the importance of
societal interactions. The two papers discussed in this section specifically look at societal
interactions, otherwise known as peer effects, as well as housing characteristics.
An analysis of zip code data in California found strong evidence for causal peer effects,
indicating that an extra installation in a zip code increases the probability of an adoption in the
zip code by 0.78 percentage points when evaluated at the average number of owner-occupied
homes in a zip code (Bollinger & Gillingham, 2012). These peer effects appear to increase in
magnitude in zip codes with larger household sizes and a higher fraction of people with more
than a 30-minute commute. Zip codes with higher median household income and more people
who carpool have a smaller peer effect. While lower income households may be less likely to
adopt solar, they are more influenced by the peer effect. The role of a specific contractor in
adoption is statistically insignificant (Bollinger & Gillingham, 2012).
Graziano & Gillingham (2014, p. 816) find “clear evidence of spatial neighbor effects
(often known as ‘peer effects’) from recent nearby adoptions that diminish over time and
space.” On average, adding one additional installation within 0.5 miles of adopting households
in the year prior to the adoption increases the number of installations in a block group by 0.44
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PV systems on average. Small- and mid- sized centers of housing density appear to be more
important than larger centers for the diffusion of PV systems (Graziano & Gillingham, 2014).
In addition to peer effects, these studies also looked at housing and population
characteristics. Bollinger & Gillingham found that lower adoption rates are associated with
variables such as zip code population and higher home values. Graziano & Gillingham
discovered that built environment variables, such as the number of housing units, housing
density and the share of renter-occupied dwellings, are more important factors influencing
adoption than household income or political affiliation. Higher median household income and
racial variables resulted in weak relationships. Researchers have found that median levels of
housing values, income and population density contribute to higher levels of PV adoption (Kann
& Toth, 2017; Kwan, 2012).
3.1.5. Demographic Variables and Political Affiliation
While none of the studies found race, sex, age or education level to be a determining
factor behind PV uptake, positive correlations were discovered between being white (Bollinger
& Gillingham, 2012; Kwan, 2012), Hispanic Latino (Kwan, 2012) and male (Bollinger &
Gillingham, 2012). An analysis of solar PV in Queensland, Australia, found a positive correlation
between uptake and being aged over 55; two other studies found a negative correlation with all
adult ages except for 45–54; and a fourth study found being below the age of 40 to be
significant (p < 0.05) to PV adoption (Bollinger & Gillingham, 2012; Crago & Chernyakhovskiy,
2017; Kwan, 2012; Sommerfeld et al., 2017). Education, in the form of a Bachelor’s degree, has
been found to have a positive influence, a negative influence and no influence on solar
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adoption (Crago & Chernyakhovskiy, 2017; Cyrs, 2018; Kwan, 2012; Li & Yi, 2014; Schelly, 2014).
In his study of Queensland, Sommerfeld noted that people with advanced degrees clustered in
postal codes with high numbers of apartments and thus lower levels of PV adoption per capita
(2017).
In terms of political affiliation, Kwan found that at the national level, the proportion of
registered Democrats in a zip code positively influence solar adoption, whereas zip codes with
standardized residuals above one standard deviation of the expected count of PV projects had
more registered Republican voters. A comparison of PV uptake in New York and Texas found
that Republican-leaning census tracks had more rooftop PV installations than Democraticleaning census tracts in both states. A correction of median household income explained the
difference in adoption in Texas but not New York (Sunter, Dees, Castellanos, Callaway, &
Kammen, 2018). Four out of five models examining PV installation in the northeasten U.S.
found Democratic party votes to be statistically significant at 5% in influencing solar adoption
(Crago & Chernyakhovskiy, 2017). Other studies found political affiliation, along with
unemployment, to be statistically insignificant (Graziano & Gillingham, 2014).
3.1.6 Motivations and Values
In her study of early solar adopters in rural and urban Wisconsin, Schelly (2014) found
that respondents identified technical interest and motivation as the strongest factor behind
adoption. This was followed by environmental concerns and the timing of economic events and
incentives. The importance of economic timing, such as the receipt of an inheritance or the
need to replace a roof, has been considered in other studies as well (Bollinger & Gillingham,
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2012; Robinson & Rai, 2015). Sixty-four percent of respondents identified as being an
environmentalist or cited environmental concerns. Only 2 respondents out of the 48
households interviewed installed their systems without any credits, incentives or rebates. Both
income and education levels varied widely, though 49% of respondents held a degree higher
than a Bachelor’s (Schelly, 2014).
Schelly & Letzelter (2020) surveyed recipients of New York State - level incentives for
residential solar installed between 2013–2017 outside of the Con Edison and LIPA territories.
Findings indicate that environmental and economic factors are almost equally important to the
adoption of residential solar. Environmental motivations are slightly more important than
economics with women placing stronger emphasis on environmental issues. The perception of
solar installers was also important to adopters (Schelly & Letzelter, 2020). This contrasts with
Bollinger & Gillingham (2012), who found the role of contractors to be statistically insignificant.
Other scholars have also found environmental leanings to be a motivating factor in both
residential and non-residential installations when measured by the proxy of hybrid cars
(Bollinger & Gillingham, 2012; Cohen, Elbakidze, & Jackson, 2020; Crago & Chernyakhovskiy,
2017). Attempts to measure environmental leanings through membership or affiliation with
associations or groups proved to be insignificant (Kwan, 2012) or discarded (Cyrs, 2018).
3.1.7 Key Residential Takeaways
In terms of residential installations, solar irradiation and policies, especially related to
economic incentives, and electricity price are the most important factors behind solar adoption.
Once these are considered, peer effects play an important role, as do housing characteristics,
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including home ownership and value, and income. On an individual level, interest in technology,
economic timing and environmental values are important, though the measurement of
environmental values through proxies has been somewhat inexact. Although such interests
appear in surveys, they are more likely to be found inconsequential in non-survey – based
analysis. This indicates that motivations play an important role once other conditions are met.
Political affiliation is uncertain. In general, Democrats lean towards adoption of solar but
wealthy Republicans have also been seen to be adopters. Less wealthy Democrats have not
been seen to be adopters, mostly likely due to economic constraints. Education in general has
proved to be insignificant.

3.2 Non-Residential Solar PV
Unlike residential PV, which is often installed on private property and out of sight, nonresidential PV is usually visible to the public and may be installed with the motive of public or
commercial benefit. These next sections consider public attitudes toward mid- to large-scale
solar development as well as community, corporate and individual reasoning either behind
installing PV or in the case of community projects, in becoming subscribers. As community
opinion can influence project approval, this is an important point of consideration.
There is less literature on non-residential than residential solar installations and
definitions vary. Commercial solar refers to solar installed by companies to offset their carbon
footprint. Utility solar is generally defined as solar installations directly connected to the grid,
but with the proliferation of distributed solar, a better definition might be solar installations
erected by electrical utilities. In New York State this may be classified as either community or
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industrial solar. The distinguishing factor between community and industrial solar is that
community solar is offered in lieu of rooftop solar installations to residents who cannot
otherwise afford or access rooftop residential solar. As community attitudes toward nonresidential solar often has more to do with visual than societal impact, these are explored in the
first section of this part of the chapter.
3.2.1 Community Attitudes
A survey of attitudes toward the siting and financing of “mid- to large-scale solar energy
development (Schelly et al., 2020, p.1)” among electric ratepayers in Nassau and Suffolk
counties found that mixed use projects (co-located with agricultural production or parking lots)
received the most support while projects that increased the tax base or provided energy to lowto-middle-income householders received the least support. Researchers defined mid- to largescale solar energy projects as those 250 kW or larger in capacity, which can be installed on as
little as 0.7 acres (half of a U.S. football field). Categories of solar included rooftop, carport and
ground-mounted (including on previously developed land) installations. In general, there was
high support for solar, and for both public and private financing of solar projects. Projects that
provided jobs or income to farmers also received high levels of support (Schelly et al., 2020).
In terms of specific demographic groups, there were differences of support among
different age and income groups and sexes. Individuals between the ages of 50–59 reported
higher support of ground-mounted solar on previously developed land than those 70 or older.
Income groups between USD 300,001 to 400,000 reported significantly lower support for
ground-mounted solar, ground-mounted solar on previously developed land or solar over
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parking lots than other income groups. Females reported higher support for ground-mounted
solar on landfills compared to males (Schelly et al., 2020).
Research has also looked at large-scale solar and place attachment, environmental and
political values and demographics. Neither place attachment nor environmental attitudes
attained statistical significance. However, individuals who are white and rural are more likely to
support large-scale solar, as are Democrats (p < 0.001). People who saw the potential positive
impacts such as industrialization, jobs and increased property values also supported large-scale
solar (Carlisle, Kane, Solan, & Joe, 2014).
3.2.2 Commercial Installations
Crago et al. (2018) consider factors driving commercial uptake of solar in the Northeast
at the county level between 2005–2013. They find strong evidence that factors that directly
effect financial viability and returns on investment have the most impact on capacity growth in
the commercial solar PV market. These include electricity price, insolation, and installation cost.
Among policy variables, incentives that either reduce cost or provide revenue such as rebates,
sales tax waivers, and the price of Solar Renewable Energy Credits are significant. While Crago
et al. suggest that commercial installions are uninfluenced by “pro-environmental attitudes and
solar technology preferences,” other scholars have suggested that corporate entities are
influenced by “environmental/green marketing-oriented motives” to adopt solar technology
(Cohen et al., 2020).
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3.2.3 Utility-Scale Installations
Shrimali & Kniefel (2011) apply panel data over 50 U.S. states for the years 1991–1997
to estimate the impact of state policy on the growth in capacity of emerging renewable
electricity sources, including solar PV. RPS with either capacity or sales requirements have a
positive impact on solar. Economic variables, including electricity price and per capita GDP, and
“structural” variables, including league of conservation voters rating, are generally insignificant
(Shrimali & Kniefel, 2011). Shrimali & Kniefel do not define large-scale deployment, but utilityscale ground-mounted solar facilities are typically defined as at least 1 MWdc (Ong, 2013;
Sward et al., 2019).
More recently, Sward et al. (2019) considered optimal siting for future solar farms in
New York State to reduce peak load. At the time, community solar projects were under a value
of distributed energy resources (VDER) payment structure (Hess & Lee, 2020; State of New York
Public Service Commission, 2017). VDER sought to reflect benefits such as avoided emissions,
the development of new substations and power lines and lower demand on the grid (Smith,
2017).
The researchers used substation location and geographic information to determine
potential sites that could be interconnected at relatively low cost. Geographic determinants
included land that was relatively flat and clear of trees and buildings. Productive farmland was
avoided in case of potential future protection, but abandoned or vacant agricultural land was
included. The remaining properties were filtered based on size, slope and power system
interconnection cost. Only properties capable of supporting solar farms of 2 MWdc or above –
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requiring a minimum of 10 acres either on individual or contiguous properties – were
considered. At the time that the research was conducted, this was the threshold between small
commercial and industrial- or utility-scale installations. Properties were excluded if they were
further than a one-mile radius of a distribution-level (up to 115 kV) substation. Substation
distance was used to represent interconnection costs at the suggestion of local developers that
capital costs would be prohibitive if interconnection points were more distant.
While Shrimali & Kniefel’s (2011) findings indicate that RPS is the most important
determinant in terms of large-scale, ground-mounted solar PV uptake, Sward et al. (2019)
demonstrate that other factors come into play once this condition is met. Among these other
factors are cost, particularly in the form of interconnections to substations. Land characteristics
are another important factor (Sward et al., 2019).
3.2.4 Community Solar
As community solar can refer to a variety of energy models, the literature explores the
various approaches (Chan, Evans, Grimley, Ihde, & Mazumder, 2017), the cost-benefits of
different models (Klein, Hargreaves, & Coffey, 2021), potential spatial requirements and the
definition of community (Peters et al., 2018; Ptak, Nagel, Radil, & Phayre, 2018). Funkhouer et
al. (2015) analyze how policy, regulatory and market factors impact the deployment of
community solar projects implemented by utilities. They note that utilities implement
community solar not only to meet consumer demand and regulatory requirements, but to also
recoup revenue, such as fees related to grid upkeep and maintenance, that are lost with
residential solar PV (Funkhouser, Blackburn, Magee, & Rai, 2015). In the initial stages of
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developing community net metering for New York State, utilities identified community solar
opportunity zones. The zones accounted for at least 40% of their territory and were placed
where benefits would be the highest in terms of grid stability or other locational benefits
(Moratzka, 2016).
Enabling Factors – New York State
In a comparison of shared solar initiatives in New York and California, Hess & Lee (2020)
find that shared solar in New York has benefited from a favorable pricing structure, which has
been kept in place partly through the efforts of civil society organizations. Authorized in 2015,
the initial financing scheme for distributed solar was net metering. This system allows for excess
electricity produced by a solar array to be fed back into the utility grid. System owners can earn
credits on future energy bills (New York State Energy and Research Authority, 2020a).
The net metering system was replaced with the VDER payment structure in 2017 (Hess &
Lee, 2020; State of New York Public Service Commission, 2017). Local clean energy enterprises,
communities and environmental advocates claimed the change resulted in the cancellation of
175 projects and the loss of nearly USD 1 billion in investment (Alliance for a Green Economy,
2019; Hess & Lee, 2020). In 2019, New York State issued a revised policy that “stabilized pricing,
created a community credit for customers and extended net metering to projects under 750 kW
in capacity” (Hess & Lee, 2020). Hess & Lee (2020) also credit community activists with the
development of a community solar program that espoused economic and environmental
justice.
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Prohibiting Factors – New York City
Continuing in New York, O’Shaughnessy (2019) looks at the barriers to community solar
uptake in New York City. The majority (63%) of New York City residents are renters and many
homeowners live in multifamily buildings, limiting their access to rooftop space. While these
conditions would appear to make New York City an ideal location for shared community solar,
competing real estate interests and rezoning trends have prevented widespread uptake. Land
or roof owners typically host community solar installations in return for payment as part of a
10- to 20-year lease agreement, which is too long a commitment in a volatile market. Another
financial tool, property tax abatements (PTA), are ineffective incentives for non-profit
organizations that may own buildings and be less interested in profit motives. The PTA is
capped at USD 62,500 per year, an amount that is less attractive to large industrial building
hosts (O’Shaughnessy, 2019).
Individual Motivators – Minnesota
In terms of individual motivators, Peters et al. (2018) looked at three overarching factors
influencing the individual decision to participate in community solar initiatives in Minnesota.
Factors included personal motivators such as the opportunity to use new technology, the
opportunity to achieve energy independence and personal economic benefit; “local” factors,
such as environmental benefits and local energy use; and community building benefits,
including the possibility of engaging with neighbors or affinity groups on a project. An interest
in environmental benefits garnered the strongest response (92%), followed by energy
independence (85%), locally produced energy (79%) and personal economic benefit (75%).
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Collaborating with neighbors (63%) or affinity groups (45%) was less of a motivator (Peters et
al., 2018). Respondents preferred installations to be installed on social assets such as school
(68%) or church (51%) roofs or on brownfields (66%). However, they would not pay more to
support a project on a specific site, except to provide solar to low-income households (46%).
Unsurprisingly, economics appears to play a strong enabling role in terms of community
solar. While utilities are motivated to develop community solar projects to offset losses related
to solar PV or otherwise stabilize the grid, community groups advocate for net metering, which
enables individuals to offset their electricity bills. Concurrently, community solar PV has had
trouble making inroads in New York City due to limited financial incentives. Once community
solar is made more affordable through incentives, personal motivations for participation
include environmental concerns, energy independence and personal economic benefits.
3.2.5. Key Non-Residential Takeaways
Non-residential solar appears to share the same determinant factors as residential PV.
Critical factors for the development of solar PV by commercial entities includes insolation,
electricity price and overall cost (Crago & Koegler, 2018). While neither Shrimali & Kniefel
(2011) nor Sward et al. (2019) consider insolation, Shrimali & Kniefel find RPS to be the most
important factor, while Sward et al. (2019) consider the price of installation and, like Robinson
& Rai (2015), the physical aspects of the site. Shrimali & Kniefel find cost to be insignificant, but
considering that they were looking at utilities, it would make sense that the regulation to which
they were subject would be more important than price.
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Economics also plays a significant role in community solar, with utilities attempting to
utilize such projects to stabilize the grid (Moratzka, 2016). This is not solely a financial
consideration, but cost plays a role. Similarly, the lack of appropriate financial incentives
hinders the development of community solar in what would otherwise be a suitable urban
setting (O’Shaughnessy, 2019).
In terms of demographics, individuals who are white and rural are more likely to support
large-scale solar, as are Democrats. Individuals between the ages of 50–59 reported higher
support of ground-mounted solar on previously developed land than those 70 or older. Groups
earning between USD 300,001 to 400,000 reported significantly lower support for groundmounted or solar over parking lots than other income groups (Schelly et al., 2020). This is an
interesting outcome, especially as this is the income group most likely to install residential
solar.
The role of attitudes and personal motivations toward non-residential solar was mixed.
Carlisle et al. (2014) found that neither place attachment nor environmental attitudes attained
statistical significance in terms of large-scale solar projects (the projects in question were
hypothetical and the size was undefined). Crago & Koegler (2018) found commercial
installations to be uninfluenced by green attitudes, whereas Cohen et al. (2020) determined
that corporations are swayed by motives related to green marketing. Personal motivations for
participating in community solar projects included environmental concerns and a desire for
energy independence. People who saw the potential positive impacts such as industrialization,
jobs and increased property values also supported large-scale solar (Carlisle et al., 2014).
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Schelly et al. (2020) also found that projects that provided jobs or income to farmers received
high levels of support.
While solar PV enjoyed high levels of support in general, projects that received the least
support in Long Island consisted of installations that would increase the tax base or provide
energy to low-to-middle-income householders received the least support. This is somewhat in
contrast to respondents in Minnesota, who would not pay more to support a project on a
specific site, except to provide solar to low-income households (46%). The discrepancy between
the two responses could be the inclusion of middle-income householders in the Long Island
questionnaire. However, this is an interesting difference that may be worth further exploration
in the future.

3.3 Conclusion
Among both residential and non-residential solar PV projects, the critical enabling
factors behind solar PV adoption are solar irradiation, RPS, economic policies (especially
rebates), electricity price and cost. In terms of residential installations, peer effects, home
ownership and value and household income play an important role once one or more of these
enabling factors are met. On an individual level, both in terms of residential and community
solar PV uptake, interest in technology, economic timing and environmental values are
important. Measurement of environmental values through proxies has been somewhat inexact.
Scholars have considered New York State as part of national and regional analyses on
residential PV and have also compared its policies and trends to those of California and Texas.
However, in looking at New York State individually, researchers have considered individual
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regions and types of solar (attitudes toward larger scale installations on Long Island, residential
uptake excluding parts of Long Island or barriers to community solar in New York City). While
such divisions are practical, given the different policies in Long Island and the rest of New York,
they do not contribute to an understanding of how solar PV is installed across the different
geographies of the state. Nor do studies differentiate between community, commercial and
residential PV. Some earlier studies used the NREL dataset (no longer available), which did not
distinguish between commercial and residential (Kwan for instance, used a division of 10 kW) or
were conducted before the onset of community solar.
This study considers residential, small-scale commercial, industrial and community
installations throughout New York State. It seeks to understand how different configurations of
PV installations address the different geographies of New York. As such, it considers not only
the number of PV installations, but also the number of MW at the zip code level to understand
how PV installations are configured in different spaces in different parts of the state.
Understanding the use of space by PV installations in New York State will become more
important as solar PV installations increase in size, engendering the potential for community
conflict and calls for equitable use of space. Finally, this study is unique in its use of
employment as a proxy for personal attitudes and motivators.
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4. Methodology
4.1 Data Sources
PV Installations and kW: This study used data at the zip code and county level to
analyze the distribution of solar panel installations across New York State. NYSERDA provides
data on PV installations less than 5 MWac in size from 2000 to the present (New York State
Energy and Research Authority, 2021b). Installed capacity, the number of projects and annual
trends are provided for completed projects at the county level through aggregated data from
NYSERDA, the Department of Public Service and the New York Independent System Operator
(New York State Energy and Research Authority, 2020f).
Data available for projects supported by NYSERDA include sector type (i.e., residential vs
non-residential), kWdc, cost and incentives, contractor, city, zip code and county for completed
and pipeline projects. While the NYSERDA dataset uses the term “city,” the actual areas
categorized as a “city” may be cities, towns, villages, hamlets or census designated places. This
category of data was primarily used for aligning county and zip code data. The variable cost per
kW was created by subtracting the category “NYSERDA incentive” from total project price and
dividing the resulting cost by the total number of kW. The NYSERDA dataset includes projects
completed as part of the green jobs incentive, which has cost savings directly passed on to the
consumer rather than in the form of an incentive (New York State Energy and Research
Authority, 2020d).
The complete dataset has 110,234 records (105,171 are completed projects and 5,035
are pipeline projects). Residential projects (98,525 records) comprise the largest component of
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the completed projects. Approximately 7% of completed projects are non-residential, the
majority of which (6,114 records) are small commercial projects. Industrial projects comprise
532 records. A total of 100 small commercial and 128 industrial projects (396,699 kW) are
classified as community solar. The NYSERDA dataset is available at data.ny.gov and is updated
approximately every three months. This analysis uses data updated through August 31, 2020
(New York State Energy and Research Authority, 2020c).
Additional information on completed and operational solar projects funded through
NYSERDA’s Commercial and Industrial incentive is provided in the Distributed Energy Resources
(DER) characteristic dataset (New York State Energy and Research Authority, n.d.-b). The
dataset includes details of individual DER projects at more than 1,200 facilities, including
names, location and facility types. Included projects have either received NYSERDA funding or
are energy storage projects that voluntarily provided information to NYSERDA. This data is not
included in the statistical analysis but is used to identify sample projects in the discussion
chapter of the paper.
Demographic and socioeconomic data: Demographic and socioeconomic data at the zip
code level was obtained from a United States Census Bureau geodatabase that combines
geography from the 2018 TIGER/Line Shapefiles and data from the 2014–2018 American
Community Survey (ACS) 5-year estimates (United States Census Bureau, 2018c). As zip codes
represent a collection of mail delivery routes defined by the United States Post Office, the
Census Bureau created ZCTAs to serve as areal representations of the areas included within zip
codes. ZCTAs are aggregations of census blocks, and in some instances, block groups, reflective
of the most frequently occurring zip code in the area. Zip codes with very few addresses or that
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are assigned to a single point delivery address may not appear as a ZCTA (United States Census
Bureau, 2020).
Demographic and socioeconomic data selected for analysis was taken from nine main
classes. These appear in italics with examples of selected variables in parentheses: education
(including some college, a BA, professional or higher degree), occupation by median earnings
(including natural resources, construction and maintenance; computer, engineering and
science; healthcare practitioners and technical occupations), tenure (including vacant or owneror renter- occupied and type, purchasing price and age of housing unit), household income
(including the total population of white householders aged 25–64 years), poverty status by race,
sex by age (including total population and total population by race), population in group
quarters, employment and recipients of food stamps. A total of 94 variables were selected for
initial binomial analysis. Each variable was analyzed as a percentage of the total population (i.e.,
the percentage of the population with a BA or the percentage of total owner-occupied housing
units purchased for between USD 300,000 to 399,999).
Interconnections: The electric substation shapefile was downloaded from the Homeland
Infrastructure Foundation-Level Data (HIFLD) Open data portal. Substations are defined as
facilities and equipment that “switch, transform, or regulate electric power at voltages equal to,
or greater than, 69 kilovolts.” Inclusion in the dataset of substations with a maximum operating
voltage of less than 69 kilovolts is not complete. The dataset also includes the number of
distribution and transmission lines associated with each substation (Homeland Infrastructure
Foundation-Level Data (HIFLD), 2020). The number of substations per New York State zip code
ranges from 0 to 20.
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County-Level data: Percentages of rural population and agricultural land by county were
taken from the United States Census Bureau and the United States Department of Agriculture
(United States Census Bureau, 2010; United States Department of Agriculture, 2017). In
addition, county level per capita income, density per square mile and population data from
2010 were used in the county level binomial analysis ("List of New York locations by per capita
income [dataset]," 2020; New York State Department of Health, 2011).
Geographic data: ZCTA shapefiles and gazetteer files, which contain area data, were
downloaded from the United States Census Bureau (United States Census Bureau, 2018b,
2018d). The variables for zip code and housing density were calculated by dividing the
population and housing unit total data from the ACS by the square mile data in the gazetteer
files.
The total number of zip codes included in ACS and gazetteer data was 1,794 and the
total number of zip codes with PV installations was 1,618. There were 1,576 zip codes with
residential installations, 1,114 zip codes with small commercial installations and 270 with
industrial installations. Community solar installations, which are a combined subset of the nonresidential installations, occur in 135 zip codes. All zip codes with ACS and gazetteer data were
included for mapping purposes but only zip codes with PV installations were included in the
statistical analysis.
Regional Solar Irradiation and Electricity Cost: Neither solar irradiation nor electricity
cost data is available for use in Python and GIS (shapefile) analysis. However, horizontal
radiation maps show that New York City, Long Island and the Lower Hudson Valley have higher
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average annual levels of solar irradiance than the rest of the state (New York State Department
of Environmental Conservation, n.d.; Roberts, 2018).
While under deregulation electricity prices in New York State vary depending on the
provider and rates change from year to year based on a range of costs (i.e., renewable portfolio
and transmission charges and taxes), New York City and Long Island have traditionally had
higher electricity prices than elsewhere in the state (New York State Department of Public
Service, 2021b; New York State Energy and Research Authority, 2021a; New York State Energy
Planning Board, 2000; New York State Power to Choose, n.d.).
The LIPA and Con Edison territories and the Lower Hudson Valley have also been
separated from the rest of the state in terms of MW blocks. Four dummy variables were
created to address these regional differences. These variables are as follows: LIPA (zip codes
within the LIPA service territory), Con Edison (zip codes within the Con Edison service territory),
Lower Hudson Valley (zip codes with PV installations in Westchester outside of the Con Edison
service area as well as all zip codes in the other six counties) and Upstate (all zip codes with PV
installations located outside the aforementioned areas).

4.2 Data Organization
Data Alignment: Of the 105,171 records of completed projects that received NYSERDA
support, two small commercial projects and six residential projects were missing kW data and
were removed from subsequent analysis. There were 338 records without county names.
County names were provided based on the city and zip code, and in one instance where these
did not align, based on the city name and contractor. An additional 611 completed records
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were classified as belonging to New York County, but with a municipality and zip code that
belonged to another county. The counties of 389 records were changed to match town and zip
codes and the zip codes of 155 records were changed to match towns and counties. ZCTA data
was unavailable for an additional 76 zip codes that were unique (i.e., belonging to a university
or large company or building) or that represented PO Boxes. These zip codes, representing 231
projects, were changed to the surrounding zip codes. The New York State ZIP Codes-County FIPS
Cross-Reference dataset, the New York Zip Code Map With Counties and online zip code maps,
including https://newyork.hometownlocator.com, unitedstateszipcodes.org and
zipdatamaps.com, were used in this process (Case, 2017; New York State Office of Information
Technology Services, 2019).
In addition, to align the total number of projects in New York State (provided at the
county level) with projects supported by NYSERDA, the counties of 88 projects with zip codes
that crossed counties were changed. The changed counties matched the location (identified
with the online zip code maps or www.wikipedia.org) of the town in which the projects were
located. Without the changes, 6 counties had a combined total of 716 more projects and 13
counties had 23.75 more MW supported by NYSERDA than in the county totals. After the
changes, 5 counties had 83 more projects and 10 counties had 10.56 more MW supported by
NYSERDA than in the New York State - county totals.
In terms of projects only included in the New York State dataset, with the exception of
projects in the LIPA territory, NYSERDA does not include projects funded with the American
Recovery and Reinvestment or Solar Power Naturally (New York State Energy and Research
Authority, 2020e). A review of projects in the National Grid Interconnection Queue revealed
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that several projects listed as beginning in 2000 were not included in the NYSERDA dataset
(New York State Department of Public Service, 2021a).
Separately, to evaluate the impact of county level variables at the zip code level, zip
codes that crossed counties were reassigned to the county with the most instances of the
relevant zip code. These changes were not applied in analysis at the county level. A summary of
the number of installations and kW per sector and zip code is included in the discussion chapter
(Table 9).
Data Aggregation and Visualization: Using Python Jupyter Notebook, completed
projects were selected from the NYSERDA data. The number of individual projects and MW
were then aggregated and further compiled into datasets of completed residential, small-scale
commercial, industrial and community PV projects. These datasets were then merged with the
demographic and socioeconomic, interconnection, county-level and geographic data. Data for
New York State was initially extracted from the demographic, socioeconomic and geographic
datasets by importing them into ArcGIS and joining them to a shapefile of New York State zip
codes. The zip code shapefile was created by aligning and selecting a country-level zip code file
to the shapefile of New York counties (United States Census Bureau, 2018a, 2018b). ArcGIS was
also used to visualize the distribution of PV installations and MW at the zip code and county
level.

4.3 Statistical Analysis
Binomial Regression: Binomial regression was performed at the county and zip code
level in SPSS. The county-level analysis used the number of statewide projects or MW as the
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dependent or Y variable and the county-level data for population density, per capita income
and the percentage of rural population and agriculture land as the independent or X variable.
At the zip code level, binomial analysis of completed (residential and non-residential) projects
and associated kW included all demographic, socioeconomic, interconnection and county-level
data. With a few exceptions, independent variables that returned R2 scores of less than 0.15
were discarded. Clusters of data in the same category with R2 scores above 0.15 were compiled
together (i.e., owner-occupied housing units valued between USD 300,000 to 399,999, USD
400,000 to 499,999 and USD 500,000 to 749,999 were aggregated into the category of USD
300,000 to 749,999). The selected data was then used to analyze the residential and the nonresidential categories of PV projects per zip code and associated kW. Several variables with R2
scores lower than 0.15 but that appeared in the literature on large-scale, non-residential
projects were also included. To avoid zero inflation, only zip codes with PV installations were
considered in the analysis. Both X and Y variables were transformed to linear values to
normalize distribution of the data.
Multivariate Regression: A multivariate regression was performed in SPSS on the
selected variables for the number of projects and kW for residential and small commercial PV
installations and for kW of industrial and community PV installations. Separate regressions
including the dummy variables representing different geographies were subsequently run for
each sector.
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5. Results
5.1 Binomial Regression
All Projects: Binomial analysis of county-level variables revealed no relationship between
the dependent (Y) variables (the number of projects, or project count, and MW) and the
independent (X) variables of total population, density and per capita income. At the zip code
level, analysis of completed projects found six variables with averaged R 2 values for kW and
project count greater than 0.17 (Table 1). Binomial regressions were then performed on these
variables for the different PV sectors. Three additional variables were included due to their
appearance in the literature on larger-scale installations. Both X and Y variables were
transformed to linear values for the analyses. The independent variables included in the
binomial regression for the four PV sectors are provided below.
Independent Variables: The six variables with R2 values above 0.17 were as follows: (1)
the percentage of owner-occupied housing valued between USD 300,000 to 749,999 per ZCTA
(housing values), (2) the percentage of total median earnings from computer, engineering and
science; protective services; or healthcare and technical occupations (occupation or
employment) per ZCTA, (3) the percentage of household income between USD 150,000 to
199,999 (household income or income) per ZCTA, (4-5) housing and population density per zip
code and (6) the percentage of rural population at the county level. The three additional
variables selected for potential relevance to larger-scale projects were: (7) the percentage of
agricultural land at the county level, (8) the number of substations per zip code and (9) cost of
the project per kW. Following the selection of these nine variables, binomial regressions were
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run on the independent and dependent variables for the four PV sectors (residential, small
commercial, industrial and community).
Residential Projects: As can be seen in Table 1, the binomial regression revealed weak
relationships (R2 below .3) between all independent and dependent variables for residential
projects. The strongest relationship was between the variables for the number of projects per
zip code and the percentage of houses valued between USD $300,000 to 749,999, but even this
would be classified as a weak relationship. The weakest relationships were between the
variables for kW and housing and zip code density, percentage of agricultural land, substations
and cost per kW. The relationship between the dependent variables and the variables for rural
population and agricultural land were inverse, indicating that as the number of PV projects or
kW increased, the percentage of rural population and agricultural land decreased. In general,
the relationship between the independent variables and project count was stronger than
between kW.
Small Commercial Projects: The relationship between the independent variables and
dependent variables for small commercial projects was weaker than for residential projects.
While all relationships were weak, the strongest relationships were between the dependent
variables and the variables for zip code and housing density. As with residential projects, the
relationships with the cost per kW variable is the weakest. There was an inverse relationship
between the variables for percentage of agricultural land and rural population, but the R 2
scores were close to zero, indicating very little relationship between the two sets of variables.
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Table 1. Drivers of PV Uptake: Binomial Regression Results
Small
All Projects
Residential
Commercial
Industrial
Community
kW
PC
kW
PC
Variable
kW
PC
kW
PC
kW
PC
Housing values (1)
0.16 0.31
0.28
0.32
0.05
0.05
0.13
0.01
0.15 0.00
Occupation (2)
0.26 0.27
0.25
0.24
0.07
0.07
0.00
0.01
0.00 0.00
Income (3)
0.12 0.22
0.23
0.23
0.02
0.02
0.02
0.00
0.02 0.00
0.00
ZCTA Density
0.17 0.23
0.19
0.25
0.12
0.14
0.26
0.43 0.00
0.00
Housing Density
0.14 0.20
0.15
0.21
0.11
0.13
0.25
0.44 0.00
0.00
% Rural Population by County 0.16 0.25
0.21
0.27
0.07
0.08
0.24
0.45 0.00
0.00
% Agricultural Land by County 0.04 0.10
0.08
0.11
0.02
0.04
0.12
0.24 0.00
Substation
0.16 0.11
0.10
0.10
0.07
0.08
0.08
0.04
0.09 0.00
Cost per kW_DC
0.08 0.00
0.02
0.05
0.00
0.01
0.28
0.01
0.29 0.00
Inverse values in bold italics
1. Percentage of owner-occupied housing units valued between USD 300,000 to 749,999.
2. Percentage of total median earnings from computer, engineering, & science; protective service; & healthcare &
technical occupations.
3. Percentage of household income between USD 150,000 to 199,999.
Sources: Homeland Infrastructure Foundation-Level Data (2020), New York State Department of Health (2011), New
York State Energy and Research Authority (2020), United States Census Bureau (2010, 2018), United States
Department of Agriculture (2017)
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Industrial Projects: There was no relationship between the number of industrial projects and
any of the independent variables. The relationships between the independent variables and the
number of kW were weak. The strongest of these relationships were with the variables for cost
per kW, zip code and housing density and rural population per county. There was no
relationship between the number of kW and the variables for percentage of median earnings
from computer, engineering and other selected occupations, or household income between
USD 150,000 to 199,999. Except for rural population, agricultural land and substations, all
relationships were inverse, indicating that the number of kW increases as selected housing
values, zip code and housing density and cost per KW decreases.
Community Projects: Community projects returned results very similar to those of
industrial. There was no relationship between the number of projects and the independent
variables. There were moderate relationships between the number of kW and the variables for
zip code and housing density and the percentage of rural population per county. In addition to
these moderate relationships, the relationship between the remaining independent variables
and kW were stronger for community than industrial products. As with industrial projects, all
relationships except for those with rural population, agricultural land and substations, were
inverse. There was no relationship between kW and the variables for selected occupation or
income and a very weak relationship with substations.
In summary, the binomial regression demonstrates a distinction between the more
numerous, but smaller-in-size residential and small commercial projects and the fewer, but
larger-in-size industrial and community projects. The number of residential projects and kW per
zip code has a positive relationship with the socioeconomic variables of housing, income and
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occupation and the density variables of zip code and housing. However, the relationship
between the dependent residential variables and the county-level variables of rural population
and agricultural land was negative, indicating that as these conditions increase, residential
values decline. Small commercial and residential projects have similar relationships to
independent variables, but the small commercial relationship is much weaker.
Industrial and community dependent variables have an inverse relationship with
housing value, income and density and a positive relationship with the county-level variables.
All sectors have either a very weak or non-existent relationship with substations. There is a very
weak, but positive relationship between small commercial and residential projects and cost per
kW and a weak-to-moderate, but positive relationship between industrial and community
projects and cost per kW. The relationship between dependent and independent variables for
the total number of projects most closely aligns with that of residential projects. While most
relationships for the total number of projects is weaker than for the individual sectors, there
are two exceptions, occupation and substations.

5.2 Multivariate Regression
Ordinary Least Square regressions were performed on the number of projects and kW
per zip code for residential and small commercial projects and the number of kW per zip code
for industrial and community installations. Based on the binomial results, substations and the
percentage of agricultural land per county were initially removed from the variables entered in
the regression. The substation variable was subsequently returned to increase the R2 results for
small commercial projects, which had the weakest binomial regression results of the four
sectors.
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Initial multivariate regressions returned high levels of multicollinearity (VIF scores
greater than 25) for housing and zip code density. As zip code density had stronger R 2 scores in
all categories except for industrial kW, housing density was dropped from subsequent
regressions. Dummy geographical variables were included in subsequent analyses.
The equation used in regressions with dummy geographical variables set to zero (i.e., all
regional data is included) is as follows:

Ymodel = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + b7X7 + b8X8 + e,
where Ymodel is the dependent variable, which is either the number of kW or projects per zip
code as of August 2020. B0 is the constant or Y intercept, which is the predicted value when the
independent variable is equal to 0. B1 is the slope of the regression line, which represents the
relationship between Y and Xi. The independent variables are as follows: (X1) owner-occupied
housing valued between USD 300,000 to 749,999 (housing values), (X2) the percentage of total
median earnings from computer, engineering and science; protective services; or healthcare
and technical occupations (occupation or employment), (X3) household income between USD
150,000 to 199,999 (household income or income), (X4) population density per zip code, (X5)
the percentage of rural population at the county level, (X6) the number of substations per zip
code, (X7) cost of the project per kW and (X8) is the regional variable equal to 0 (i.e., all regions
are considered in the regression). E is the difference or error between the actual (Yi) and
predicted (Ymodel) dependent variables.
When the dummy geographical variables are included, the model is as follows:
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Ymodel = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + b7X7 + b8X8 + e,
where X8 is equal to 1 and represents the regions of upstate, the Lower Hudson Valley or the
service territories of Con Edison or Long Island Power Authority.
While it is not anticipated that all independent variables will be statistically significant in
providing an explanation for Y, they are all included in the equation for the sake of comparison
between different PV sectors.
5.2.1 Project Count Per Zip Code:
Three of the seven independent variables were significant (p <. 001) for both residential
and small commercial project count (Table 2). These variables are housing value, population
density and the presence of substations. Selected occupations were of greater significance to
residential (p < .001) than to small commercial installations (p < .01). Household income is only
significant to residential (p < .001) and rural population is only significant to small commercial
installations (p < .05). Cost per kW is of greater significance to small commercial installations (p
< .01) than to residential ones (p < .05). Rural population and zip code density are the only
variables with larger coefficients for small commercial installations. The independent variables
have a moderate influence on the uptake of residential PV (a R2 of .574) installations and a weak
influence on small commercial projects (a R2 of .255).
The equation for the model for residential project count is as follows:

Project Count = -1.82 + (2.79)X1 + (0.66)X2 + (5.54)X3 + (.09)X4 +
(.01)X5 + (0.56) X6 + (0.27)X7 + (0)X8 + e
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The equation for the model for small commercial project count is as follows:

Project Count = -0.43 + (0.63)X1 + (0.13)X2 + (-0.04)X3 + (0.13)X4 +
(0.07)X5 + (0.34)X6 + (0.05)X7 + (0)X8 + e
All the regressions for the project count analyses have negative constants. This signifies
that the expected value of the dependent variable will be less than 0 when all independent
variables equal 0. This is most likely due to the low values of project count by sector by zip code
(Table 6). As can be seen in Table 2 and the subsequent sections of this chapter, the constants
for kW, which have higher values than project count, are always positive. In addition, PV sectors
with higher kW values have larger constants.
5.2.2 Number of kW Per Zip Code:
Residential and Small Commercial: Two variables (housing values and substations) share
the same level of significance (p < .001) for residential and small commercial project count and
kW (Table 4). The variable for occupation is significant (p < .001) for kW uptake in both sectors.
Zip code density is less significant for residential than for small commercial. Like project count,
income is significant (p < .001) for residential but not small commercial. The variable for rural
population is more significant for small commercial kW (p < .01) than project count (p < .05) and
is not significant for residential kW. Unlike project count, the cost per kW variable is not
significant for either sector. The R 2 scores for residential and small commercial are lower than
for project count, but the difference is slight (.574 for residential project count compared to
.544 for kW and .255 for the small commercial installations and .241 for kW).
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Table 2. Drivers of PV Uptake: Multivariate Results
Residential
Variable (1)

kW

PC

Small Commercial
kW
PC

Industrial
kW

PC

Community
kW
PC

Housing values (2)
2.96(0.22)‡ 2.79(0.19)‡ 1.51(0.31)‡ 0.63(0.16)‡ 0.35(0.50)
NA 1.74(1.11)
NA
0.79(0.05)‡ 0.66(0.04)‡ 0.33(0.09)‡ 0.13(0.04)† 0.60(0.17)
NA 0.05(0.36)
NA
Occupation (3)
6.91(0.70)‡ 5.54(0.63)‡ -1.14(1.18) -0.04(0.59)
NA -2.63(3.95)
NA
Income (4)
-2.36(1.88)
0.05(0.02)* 0.09(0.02)‡ 0.25(0.04)‡ 0.13(0.02)‡ -0.18(0.07)† NA -0.14(0.14)
NA
ZCTA Density
0.02(0.04)
0.01(0.04)
NA 0.60(0.22)†
NA
Rural Pop. (5)
0.16(0.06)† 0.07(0.03)*
0.00(0.10)
0.60(0.05)‡ 0.56(0.04)‡ 0.63(0.06)‡ 0.34(0.03)‡ 0.28(0.09)†
NA 0.22(0.19)
NA
Substation
-0.01(0.15)
0.27(0.13)* 0.07(0.04) 0.05(0.02)† -0.96(0.16)‡ NA -0.64(0.23)† NA
Cost per kW_DC
NA NA
NA
Region
NA
NA
NA
NA
NA
constant
NA 10.3(2.07)
NA
2.24(1.20)
-1.82(1.07)
0.83(0.47) -0.43(0.24)
15.48(1.34)
N
NA 134
NA
1575
1575
1113
1113
269
R2
NA 0.521
NA
0.544
0.574
0.241
0.255
0.383
2
Adj R
NA 0.494
NA
0.542
0.573
0.236
0.251
0.367
Std. Error of Estimate 1.089
NA 1.454
NA
0.972
1.337
0.666
1.016
*p<.05; †p<.01; ‡p<.001; standard errors in parentheses
1. All variables are transformed (Linear(variable +1))
2. Percentage of owner-occupied housing units valued between USD 300,000 to 749,999.
3. Percentage of total median earnings from computer, engineering, & science; protective service; & healthcare & technical
occupations.
4. Percentage of household income between USD 150,000 to 199,999.
5. Percentage of the rural population at the county level.
Sources: Homeland Infrastructure Foundation-Level Data (2020), New York State Department of Health (2011), New York State
Energy and Research Authority (2020), United States Census Bureau (2010, 2018)
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The equation for the model for residential kW is as follows:

kW = 2.24 + (2.96)X1 + (0.79)X2 + (6.91)X3 + (0.05) X4 + (0.02)X5 +
(0.60)X6 + (-0.01)X7 + (0)X8 + e
The equation for the model for small commercial kW is as follows:

kW = 0.83 + (1.51)X1 + (0.33)X2 + (-1.14)X3 + (0.25)X4 + (0.16)X5 +
(0.63)X6 + (0.07)X7 + (0)X8 + e
Industrial and Community: The predicted impact of variables on industrial and
community kW differed from that of residential and small commercial projects. Housing,
occupation and income were not significant to the uptake of industrial and commercial kW. Zip
code density and substations were significant (p < .01) for industrial and rural population was
significant (p < .01) for community projects. Unlike residential and small commercial kW, the
project cost per kW was significant for both industrial (p < .001) and community (p < .01)
projects. The variables had a moderate influence on community (R2: .521) and industrial (R2:
.383) uptake. In comparing the four sectors, the variables best fit residential and least fit small
commercial kW.
The equation for the model for industrial kW is as follows:

kW = 15.48 + (0.35)X1 + (0.60)X2 + (-2.36)X3 + (-0.18)X4 + (-0)X5 +
(0.28)X6 + (-0.96)X7 + (0)X8 + e
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The equation for the model for community kW is as follows:

kW = 10.3 + (1.74)X1 + (0.05)X2 + (-2.63)X3 + (-0.14)X4 + (0.60)X5 +
(0.22)X6 + (-0.64)X7 + (0)X8 + e
The multivariate regression results demonstrate a positive, significant relationship
between residential and small commercial dependent variables for housing and occupation.
These two variables have no significance for industrial and community kW. Income has a
positive, significant influence on residential projects, but is not significant for any of the other
sectors. Zip code density and the presence of substations is positive and significant for all
dependent variables except community kW. The significance of substations is unexpected
based on the binomial regression results. Rural population has a significant, positive influence
on small commercial and community installations. Cost per kW is significant for kW in all
sectors, with the most influence on industrial installations and the least on residential ones. In
terms of fit, the R2 score is highest for residential, followed by industrial, community and small
commercial.
5.2.3 Regional Impact on Project Count:
Residential: The geographic location of the PV projects was significant to residential
project count in three of the four regions (Table 3). The LIPA territory was more significant than
Con Edison or upstate. The Lower Hudson Valley was not significant. Unlike in the other
geographies, cost per kW was not significant for the upstate region. The regional coefficients for
Con Edison and upstate are negative, indicating that PV uptake is lower in these regions than
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would otherwise be anticipated. The regions had higher R2 scores, with LIPA being the highest,
than New York State, but all four scores were close in value.
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Table 3. Regional Impact on Drivers of Residential & Small Commercial PV
Variable (1)

Residential All Regions

Residential LIPA

Residential Con Edison

Residential Upstate

Small Comm. All Regions

Small Comm.LIPA

Housing (2)
2.79(0.19)‡
2.71(0.20)‡
2.83(0.20)‡
2.57(0.22)‡ 0.63(0.16)‡
0.56(0.16)‡
Occupation (3)
0.66(0.04)‡
0.67(0.04)‡
0.66(0.04)‡
0.67(0.05)‡ 0.13(0.04)†
0.14(0.04)†
Income (4)
5.54(0.63)‡
5.26(0.63)‡
5.25(0.64)‡
5.39(.063)‡ -0.04(0.59)
-0.39(0.60)
ZCTA Density
0.09(0.02)‡
0.10(0.02)‡
0.10(0.02)‡
0.08(0.02)‡ 0.13(0.02)‡
0.14(0.02)‡
Rural Population (5)
0.01(0.04)
0.05(0.04)
0.00(0.04)
0.02(0.04)
0.07(0.03)*
0.10(0.03)†
Substation
0.56(0.04)‡
0.55(0.04)‡
0.54(0.04)‡
0.57(0.04)‡ 0.34(0.03)‡
0.33(0.03)‡
Cost per kW_DC
0.27(0.13)*
0.31(0.13)*
0.33(0.13)*
0.23(0.13)
0.05(0.02)†
0.05(0.02)†
Region (6)
NA
0.27(0.10)†
-0.23(0.10)*
-0.20(0.08)* NA
0.21(0.07)†
Constant
-1.82(1.07)
-2.30(1.08)
-2.27(1.09)
-1.33(1.09)
-0.43(0.24)
-0.62(0.25)
N
1575
1575
1575
1575
1113
1113
2
R
0.574
0.577
0.576
0.576
0.255
0.261
Adj R2
0.573
0.575
0.574
0.574
0.251
0.256
Std. Error of Estimate
0.972
0.969
0.971
0.97
0.666
0.664
*p<.05; †p<.01; ‡p<.001; standard errors in parentheses; all variables are transformed (Linear(variable +1))
1. All variables are transformed (Linear(variable +1))
2. Percentage of owner-occupied housing units valued between USD 300,000 to 749,999.
3. Percentage of total median earnings from computer, engineering, & science; protective service; & healthcare &
technical occupations.
4. Percentage of household income between USD 150,000 to 199,999.
5. Percentage of the rural population at the county level.
6. Only geographies that are more than 95% significant (p < .05) are shown.
Sources: Homeland Infrastructure Foundation-Level Data (2020), New York State Department of Health (2011), New York
State Energy and Research Authority (2020), United States Census Bureau (2010, 2018)
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The equation for the model for residential project count for the LIPA region is as follows:

Project Count = -2.30 + (2.71)X1 + (0.67)X2 + (5.26)X3 + (0.10)X4 +
(0.05)X5 + (0.55)X6 + (0.31)X7 + 0.27 + e
The equation for the model for residential project count for the Con Edison region is as
follows:

Project Count = -2.27 + (2.83)X1 + (0.66)X2 + (5.25)X3 + (0.10)X4 +
(0)X5 + (0.54)X6 + (0.33)X7 + -0.23 + e
The equation for the model for residential project count for the Upstate region is as
follows:

Project Count = -1.33 + (2.57)X1 + (0.67)X2 + (5.39)X3 + (0.08)X4 +
(0.02)X5 + (0.57)X6 + (0.23)X7 + -0.20 + e
Small Commercial: The LIPA territory was the only region significant (p < .01) to small
commercial installations (Table 6). Rural population was of greater significance in the LIPA
region (p < .01) than New York State (p < .05) as a whole. Like residential project count, the
coefficient for housing values was larger for New York State than LIPA. There was little
difference between the two sectors or regions for the remaining variables. Like the residential
project count, LIPA had a higher R2 score than that of New York State.
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The equation for the model for small commercial project count in the LIPA region is as
follows:

Project Count = -0.62 + (0.56)X1 + (0.14)X2 + (-0.39)X3 + (0.14)X4 +
(0.10)X5 + (0.33)X6 + (0.05)X7 + (0.21)X8 + e
5.2.4 Geographic Impact on kW:
Residential: Three of the geographies, the LIPA and Con Edison territories and upstate,
were significant (p < .01) for residential kW. The Lower Hudson Valley was significant at p < .05
(Table 4). LIPA had the largest R2 and New York State the lowest. Con Edison and upstate shared
the score of .547 and Lower Hudson Valley had a R 2 of .546.
The equation for the model for residential kW for the LIPA region is as follows:

kW = 1.62 + (2.86)X1 + (0.80)X2 + (6.54)X3 + (0.07)X4 + (0.07)X5 +
(0.59)X6 + (0.04)X7 + 0.35 + e
The equation for the model for residential kW for the Con Edison region is as follows:

kW = 1.60 + (3.02)X1 + (0.80)X2 + (6.49)X3 + (0.07)X4 + (0)X5 +
(0.58)X6 + (0.07)X7 + -0.32 + e
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Table 4. Regional Impact on Drivers of kW of Residential PV
Variable (1)
Housing (2)
Occupation (3)
Income (4)
ZCTA Density
Rural Pop. (5)
Substation
Cost per kW_DC
Region (6)
constant
N
R2
Adj R2
Std. Error of
Estimate

Residential - Residential Statewide
LIPA

Residential Con Edison

Residential - Residential LHV
Upstate

2.96(0.22)‡
0.79(0.05)‡
6.91(0.70)‡
0.05(0.02)*
0.02(0.04)
0.60(0.05)‡
-0.01(0.15)
NA
2.24(1.20)
1575
0.544
0.542

2.86(0.22)‡
0.80(0.05)‡
6.54(0.71)‡
0.07(0.02)†
0.07(0.04)
0.59(0.05)‡
0.04(0.15)
0.35(0.11)†
1.62(1.21)
1575
0.548
0.545

3.02(0.22)‡
0.80(.05)‡
6.49(0.72)‡
0.07(0.02)†
0.00(0.04)
0.58(0.05)‡
0.07(0.15)
-0.32(0.12)†
1.60(1.22)
1575
0.547
0.544

2.84(0.23)‡
0.80(0.05)‡
6.72(0.71)‡
0.05(0.02)*
0.00(0.04)
0.61(0.05)‡
-0.03(0.15)
0.18(0.09)*
2.46(1.21)
1575
0.546
0.543

2.65(0.24)‡
0.80(0.05)‡
6.70(0.70)‡
0.05(0.02)*
0.04(0.04)
0.62(0.05)‡
-0.07(0.15)
-0.27(0.09)†
2.93(1.22)
1575
0.547
0.545

1.089

1.086

1.087

1.088

1.086

*p<.05; †p<.01; ‡p<.001; standard errors in parentheses
1. All variables are transformed (Linear(variable +1))
2. Percentage of owner-occupied housing units valued between USD 300,000 to 749,999.
3. Percentage of total median earnings from computer, engineering, & science; protective
service; & healthcare & technical occupations.
4. Percentage of household income between USD 150,000 to 199,999.
5. Percentage of the rural population at the county level.
6. Only regions that are more than 95% significant (p<.05) are shown.
Sources: Homeland Infrastructure Foundation-Level Data (2020), New York State Department
of Health (2011), New York State Energy and Research Authority (2020), United States Census
Bureau (2010, 2018)

The equation for the model for residential kW for the Lower Hudson Valley region is as
follows:

kW = 2.46 + (2.84)X1 + (0.80)X2 + (6.72)X3 + (0.05)X4 + (0)X5 +
(0.61)X6 + (-0.03)X7 + 0.18 + e

70

The equation for the model for residential kW for the Upstate region is as follows:

kW = 2.93 + (2.65)X1 + (0.80)X2 + (6.70)X3 + (0.05)X4 + (0.04)X5 +
(0.62)X6 + (-0.07)X7 + -0.27 + e
Small Commercial: In terms of small commercial projects, the LIPA territory was
significant at p < .05 for kW (Table 5). Variables shared the same levels of significance for New
York State and LIPA. LIPA had a larger R2 score and smaller standard of error for the estimate,
making it a better fit. The overall difference between the two models however was quite small,
a difference of .004. No geography was significant for industrial kW.
The equation for the model for small commercial kW for the LIPA region is as follows:

kW = 0.51 + (1.40)X1 + (0.35)X2 + (-1.70)X3 + (0.28)X4 + (0.21)X5 +
(0.61)X6 + (0.07)X7 + (0.33)X8 + e
Community: The Lower Hudson Valley territory was significant at p < .05 for community
projects. In terms of community, unlike New York State, rural population was not significant for
the Lower Hudson Valley. Cost per kW was significant at a slightly greater value for the Lower
Hudson Valley than New York State. Although the Lower Hudson Valley only had one significant
variable other than geography for community solar, it had a larger R 2 and a lower standard error
of estimate than New York State.
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Table 5. Regional Impact on Drivers of kW of Small Commercial & Community PV

Variable (1)

Small Comm. Statewide

Small Comm. - Community LIPA
Statewide

Community LHV

Housing (2)
Occupation (3)
Income (4)
ZCTA Density
Rural Population (5)
Substation
Cost per kW_DC
Geography (6)
constant
N
R2
Adj R2
Std. Error of Estimate

1.51(0.31)‡
0.33(0.09)‡
-1.14(1.18)
0.25(0.04)‡
0.16(0.06)†
0.63(0.06)‡
0.07(0.04)
NA
0.83(0.47)
1113
0.241
0.236
1.337

1.40(0.32)‡
0.35(0.09)‡
-1.70(1.20)
0.28(0.04)‡
0.21(0.06)†
0.61(0.06)‡
0.07(0.04)
0.33(0.14)*
0.51(0.49)
1113
0.245
0.239
1.335

1.06(1.11)
-0.07(0.35)
-4.75(3.95)
-0.16(0.13)
0.42(0.22)
0.28(0.19)
-0.68(0.22)†
0.94(0.37)*
11.5(2.07)
134
0.545
0.516
1.422

1.74(1.11)
0.05(0.36)
-2.63(3.95)
-0.14(0.14)
0.60(0.22)†
0.22(0.19)
-0.64(0.23)†
NA
10.3(2.07)
134
0.521
0.494
1.454

*p < .05; †p < .01; ‡p < .001; standard errors in parentheses
1. All variables are transformed (Linear(variable +1))
2. Percentage of owner-occupied housing units valued between USD 300,000 to 749,999.
3. Percentage of total median earnings from computer, engineering, & science; protective
service; & healthcare & technical occupations.
4. Percentage of household income between USD 150,000 to 199,999.
5. Percentage of the rural population at the county level.
6. Only geographies that are more than 95% significant (p < .05) are shown.
Sources: Homeland Infrastructure Foundation-Level Data (2020), New York State Department
of Health (2011), New York State Energy and Research Authority (2020), United States Census
Bureau (2010, 2018)

The equation for the model for community kW for the Lower Hudson Valley region is as
follows:

kW = 11.5 + (1.06)X1 + (-0.07)X2 + (-4.75)X3 + (-0.16)X4 + (0.42)X5 +
(0.28)X6 + (-0.68)X7 + (0.94)X8 + e
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In terms of regional impacts, the geographic location of the PV projects was significant
to residential project count in all regions except for the Lower Hudson Valley. The regional
coefficients for Con Edison and upstate were negative, indicating that PV uptake is lower in
these regions than would otherwise be anticipated. The LIPA territory was the only region
significant (p < .01) to small commercial project count and kW. Rural population was of greater
significance in the LIPA region than New York State (p < .05) as a whole. In terms of residential
kW, all regions were significant, though the Lower Hudson Valley had the lowest level of
influence. In contrast to residential influences, the Lower Hudson Valley was the only region to
influence community projects. The regional location of projects did not influence industrial
projects.

5.3 Key Results
While the binomial regression results indicated that the impact of the independent
variables on residential and small commercial projects was different from that of industrial and
community installations, the multivariate regression results were more nuanced. The binomial
analysis revealed a weak negative relationship between residential and small commercial
projects and the percentage of rural population in a county. There was a weak-to-moderate
positive relationship between industrial and commercial projects and rural population. The
relationship between the socioeconomic and density variables and residential and small
commercial projects was weak positive, while for industrial and community projects it was
weak-to-moderate negative. All PV sectors had a weak positive relationship between the
dependent variables and the substation variable. The relationship between the cost per kW
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variable and residential and small commercial projects was positive and between industrial and
community projects was negative. Both sets of cost per kW relationships were weak.
In the multivariate regression the variables for housing and occupation proved to be of
significant influence (p < .05) on residential and small commercial installations in terms of both
project count and kW. The variable for income was only of significance to residential projects.
Zip code density and the presence of substations was positive and significant for all dependent
variables except community kW. Rural population had a significant, positive influence on small
commercial and community installations. Cost per kW was significant for kW in all sectors, with
the most influence on industrial installations and the least on residential ones. In terms of fit,
the R2 score was highest for residential, followed by industrial, community and small
commercial. Among the regions, LIPA appeared to have the greatest positive influence on both
residential and small commercial projects, while the Lower Hudson Valley had a positive
influence on community projects. No regions impacted industrial kW.
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Figure 4. ZCTA with kW of Residential PV Projects Supported by NYSERDA (Dec. 2000 – Aug. 2020)
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Figure 5. ZCTA of Residential PV Projects Supported by NYSERDA (Dec. 2000 – Aug. 2020)
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Figure 6. ZCTA with kW of Small Commercial PV Supported by NYSERDA (Dec. 2001 – Aug. 2020)
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Figure 7. ZCTA with Small Commercial PV Projects Supported by NYSERDA (Dec. 2000 – Aug. 2020)
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Figure 8. ZCTA with kW of Industrial PV Supported by NYSERDA (Feb. 2012 – Aug. 2020)
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Figure 9. ZCTA with kW of Community PV Supported by NYSERDA (Nov. 2016 – Aug. 2020)
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6. Discussion
As noted in the results section, there are several key differences between the smaller
and more numerous residential and small commercial projects and the larger and less
numerous industrial and community projects. One such difference between the two sets of
sectors is that socioeconomic variables are significant for residential and small commercial but
not industrial and community projects. The socioeconomic variables are affiliated with
population density, which is positive for residential and small commercial projects and negative
for industrial and community projects. Socioeconomic variables are discussed in more detail in
the next section, after which there is a consideration of substations and cost.
As there is very little difference between the project count and kW for residential and
small commercial projects, this chapter focuses on kW (Maps 4–7). Differences in levels of
significance between project count and kW is noted where applicable. Similarly, the significance
of Long Island to small commercial projects and the Lower Hudson Valley to community projects
is discussed in the relevant sections. As all regions are significant to residential kW, this is not
delved into too deeply, other than to note the role of incentives and the apparent lack of
significance of irradiation levels.
After reviewing the significance of the variables, the relationship between space and
large-scale industrial projects is explored in more detail. Unlike residential and small commercial
projects, there is no statistical relationship between any of the independent variables and
project count for industrial and community projects. This is due to the lower average project
count (Table 6) of the two sectors. With an average size of 1.6–1.7 MW, these projects need
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approximately eight acres of space, which is less likely to be available in more densely
populated areas. The importance of space is reflected by the significance of zip code density for
industrial kW and rural population for community kW.
Space is also significant for small commercial and residential projects, but these
installations are more likely to occur in more densely populated areas. Small commercial
projects are in comparatively densely populated zip codes in semi-rural counties or less densely
populated zip codes in urban ones. Zip code density is less significant (p < .01) for kW of
residential projects due to larger houses in less dense zip codes in Westchester County and
upstate (Map 12). Similarly, there are densely populated zip codes around Jamaica Bay in
Queens and Nassau County that have high project counts and lower kW (Maps 4, 5 and 10).
While residential and smaller-scale small commercial projects are explained by several
variables and the ultimate decision is made by individuals, the decision-making factor behind
larger-scale projects is more nuanced and tied into aspects of the larger community. Such
projects and community motivations are explored in subsequent sections, which explore the
role of educational institutions and green consciousness, as well as land use and community
attitudes toward solar PV installations. The final two sections of this chapter explore areas for
further research and limitations of this study.

6.1 Housing, Occupation and Income
Housing, occupation and income are significant for residential projects, but only the first
two variables are significant for small commercial installations. Residential projects are more
numerous than small commercial projects and so are found in more areas. The ten zip codes
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with the most small-commercial kW had an average density of 12,000 people per zip code.
Considering zip codes with small commercial projects, those with the largest percentage of
houses valued between USD 300,000 to 749,999 and those with the greatest earning from
selected occupations had an average zip code density of more than 5,000 people per square
mile. In contrast, small commercial zip codes with the largest percentage of household income
between USD 150,000 to 199,999 had an average density of 780 people per square mile. Both
sets of zip codes are in upstate.
All three socioeconomic variables are significant for residential because there are many
more residential than small commercial installations, including in zip codes in Dutchess, Orange
and Ulster counties, where there are relatively high instances of both housing values between
USD 300,000 to 749,999 and income between USD 150,000 to 199,999 (Maps 5, 12 and 13). In
terms of these actual values, this level of income is above the New York State median of USD
67,844. Eight percent of the state’s households made between USD 150,000 to 199,999 and
11% made more (United States Census Bureau, 2019). Between 2015-2019 in New York State,
the owner-occupied housing rate was 54% and the median value of owner-occupied housing
units was USD 314,000 (United States Census Bureau, n.d.). Middle income households are
defined as having an annual income that is two-thirds to double the national median after
adjustments for household size (Kochhar, 2018). Kwan (2012) and Kann & Toth (2017) have also
commented on the prevalence of residential solar PV in upper middle-income households.
Although other researchers have not considered the role of specific occupations in the
uptake of solar PV, employment in selected occupations is significant to both residential and
small commercial installations (Map 14). This may reflect the findings of Schelly (2014) and
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Peters et al. (2018) that individuals interested in technology are more likely to use PV. It may
also be that jobs in computers, healthcare and protective services are associated with large
buildings or universities that are more likely to support PV.
Some facilities may also provide housing for their employees, which would increase the
likelihood of PV. As an example, and although classified as an industrial project, Upstate
Cerebral Palsy installed a 1.4 MW solar PV array in Barneveld (Oneida County) to offset almost
all its annual electricity load. Upstate Cerebral Palsy has more than 50 sites that “house or
provide programs to thousands of people with developmental disabilities and the nearly 2000
staff that support them” (New York State Energy and Research Authority, 2019).
Table 6. Summary of PV Data

Total

Residential

Small
Commercial* Industrial

Projects

105,163

98,519

6,112

532

228

kW

1,891,209

738,746

307,525

844,938

396,699

Ave. kW per Project

18

7

50

1,588

1,740

Zip Codes (ZC)

1,618

1,576

1,114

270

135

Ave. Project per ZC

65

63

5

2

2

Community†

Ave. kW per ZC
1,169
469
276
3,129
2,939
*One project without kW data was removed from small commercial dataset.
†Community projects are a subset of the small commercial and industrial sectors and are
not included as a separate category in the total.
Sources: New York State Energy and Research Authority (2020)
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Figure 10. Population Density per ZCTA with PV Projects Supported by NYSERDA
(Dec. 2000 – Aug. 2020)
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Figure 11. Electric Substation per ZCTA with PV Projects Supported by NYSERDA
(Dec. 2000 – Aug. 2020)
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Figure 12. Percentage of Houses Valued between USD 300,000 - 749,999 per ZCTA with PV
Installations Supported by NYSERDA (Dec. 2000 – Aug. 2020)
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Figure 13. Percentage of Households with Annual Income (USD 150,000 - 199,999) per ZCTA
with PV Projects Supported by NYSERDA (Dec. 2000 – Aug. 2020)
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Figure 14. Percentage of Median Earnings from Selected Occupations per ZCTA with PV
Projects Supported by NYSERDA (Dec. 2000 - Aug. 2020)

89

As previously noted, zip code density is less significant (p < .01) for kW of residential
projects. This is most likely due to lower density zip codes in Westchester and upstate that have
relatively high housing values and household income. Less dense zip codes are likely to have
larger houses, resulting in higher kW but lower project count. Similarly, there are densely
populated zip codes around Jamaica Bay in Queens and Nassau County that have high project
counts and lower kW.
LIPA is the only region that is significant for small commercial projects. This is most likely
due to relatively high number of kW for zip codes such as 11901, located to the west of the fork
in Suffolk County. This zip code is much less dense and has lower housing values and income
then the other areas of Long Island with similar kW of small commercial projects. There are 43
small commercial projects in this zip code, some of them most likely related to the New York
State Solar Initiative, which installed solar panels along highway rights-of-way and other
properties (New York State Department of Transportation, 2016b). Approximately five acres of
land were identified for this type of project in Riverhead (zip code 11901) (New York State
Department of Transportation, 2016a). In addition, LIPA supported numerous solar related
projects, including installations on commercial rooftops and along parking lots. LIPA was also
the first utility in the state to implement commercial net metering ("LIPA Expands Solar
Programs," 2009).

6.2 Substations
The zip codes with the most substations and PV installations are in upstate zip codes
near Lake Erie or the Pennsylvania border (Map 11). Another such zip code is in Ithaca. The
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installations in these zip codes are residential and small commercial. Five of these six zip codes
also have industrial installations but only three of these zip codes contain community
installations. As substations were included in the analysis in part due to their use in Sward et al.
(2019) as a determining factor in the site selection for solar farms larger than 2 MWdc in size,
this is unexpected. However, Sward et al. used substations larger than 115 kV in their analysis,
while those in this analysis included substations larger than 69 kV. The researchers were also
modeling locations under a VDER system, which is no longer in effect. Community solar farms
considered in this study were under a VDER system for approximately two years and a net
metering system for three years.
The zip code with the second largest number of community kW (24 MW) does not have
a substation in its ZCTA, so the lack of significance cannot be due to the much larger number of
residential and small commercial projects than industrial-sized community projects. However,
Sward et al. considered properties that were within a one-mile radius of the substation. This
type of analysis is not possible without geographic coordinates for the PV installations. Yet, it
should be noted that the zip code under consideration is next to the zip code for Ithaca, which
has 13 substations (Maps 9 and 11).

6.3 Cost
Cost per kW is of significance to industrial and community kW. It has a negative
relationship with all sectors, except for small commercial. The negative relationship between
cost and kW is most likely due to MW block structure for incentives administered by NYSERDA.
Incentives are provided to solar markets in areas where support is needed and decreased as
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they become less necessary to a self-sustaining solar market (New York State Energy and
Research Authority, n.d.-a).
Each of the three overarching geographic areas (Con Edison, Long Island and upstate)
has separate blocks. As of March 2021, the Con Edison region had nine blocks that ranged from
less than 25 kW to nearly 125 kW for residential projects, all but one of which were closed.
There were separate sets of blocks for commercial and non-residential projects. The blocks
typically, but not uniformly, increase in size each year, while the value of the incentive
decreases. Incentives offered through the MW block structure are awarded on a “first
come/first served” rather than a competitive basis (New York State Energy and Research
Authority, 2012a).
Cost per kW fell into three main categories: projects with negative cost, projects with 0
cost and projects with cost per kW between USD 1 to 1,213,754. The 213 projects with negative
costs are mostly residential, though there are 18 small commercial projects. Most of the
residential and all the non-residential projects were completed in the LIPA region prior to 2015.
The 396 projects with 0 cost were residential (completed prior to 2016) and small commercial
(completed prior to 2013) projects. More than three-quarters of the projects were in upstate.
Most of the projects (more than 97,000) in the cost category were residential projects that had
a cost per kW of USD 1,000 to 10,000 and were completed between 2002 – 2020. Six residential
projects had a cost per kW of more than USD 100,000, though it seems likely that some of this
cost information is incorrect. Small commercial projects had a cost per kW between USD 17 and
122,405.
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Industrial projects are divided between competitive and MW block projects. The 252
competitive projects had a cost per kW of USD 997 to 23,579, a maximum size of 5,740 kW and
most were completed before 2017. The MW projects were cheaper and larger, with a cost per
kW of USD 356 to 4,315 and a maximum size of 7,200 kW. Most were completed after 2017.
While there does not appear to be a clear pattern between any of the sets of numbers and cost
per kW, the larger size of the MW block in comparison to the competitive projects results in a
negative, significant correlation between cost per kW and number of kW. The difference in size
is most likely due to the change in the maximum MW size allowed for installations.
The difference in price between the MW block industrial projects and the small
commercial projects also explains the significance of cost per kW to community projects. Con
Edison only has six industrial community projects and LIPA has no such projects supported by
NYSERDA. The Lower Hudson Valley has 43 community projects, 38 of which are industrial in
scale and 5 of which are small commercial. Projects with less than 1,700 kW have a price per
kW above USD 2,000 while projects with more than 1,700 kW have a cost per kW less than USD
2,000. The other regions have a greater range of cost per kW and more variability between the
number of kW and cost. The Lower Hudson Valley is not significant for rural population because
excluding Rockland County, which has no community installations, the Lower Hudson Valley has
an average rural density of 32%, compared to an average rural density of 53% upstate. The
prevalence and low cost of industrial installations in the Lower Hudson Valley is most likely due
to industrial-scale incentives for the region (Map 8).
As there are so many variables in terms of block and geographies related to individual
incentives, as well as the complexity of different installations, in retrospect, cost per kW for
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NYSERDA supported projects, or at least this way of calculating it, is not a suitable variable for
this type of analysis.

6.4 Large-Scale Non-Residential Projects and Space
As mentioned earlier, rural population is significant to community projects and zip code
density is significant to industrial projects, but not vice versa. The significance of rural
population to community projects may be due to the significance of rural population to small
commercial projects, which comprise approximately half of the installations included in the
community sector. However, zip code density is of greater significance to small commercial than
industrial projects but is of no significance to community projects. To explain why variables are
not significant for both types of installations requires a consideration of policy as well a review
of actual projects.
As noted in previous chapters, community projects were authorized in 2015 under a
system of net metering. After being replaced by VDER in 2017, the net metering system was
reinstated in 2019. While NYSERDA currently provides incentives for solar production under 5
MWac, prior to 2018, it only supported projects less than 2MW. Similarly, the division between
small commercial and commercial/industrial increased from 200 kW prior to 2018 to 750 kW
afterwards.
6.4.1 Industrial and Industrial – Community Projects
To compare industrial and industrial - community projects, it is worth considering 14850,
the zip code that contains the city of Ithaca in Tompkins County. This zip code tabulation area
has the most industrial projects both in terms of number (13) and MW (35, covering
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approximately 175 acres). All but three of the thirteen industrial projects are classified as having
community distributed generation. The three industrial projects were completed prior to 2018
and the community projects were completed after.
One of the industrial projects not classified as community is the Cornell University
Snyder Road Solar Farm, a 2.1 MWdc (1.8 MWac) project occupying ten acres near a local
airport. The two remaining industrial projects are rooftop installations on Kohl’s and Wegman’s
stores (New York State Energy and Research Authority, n.d.-b). The nine community projects
comprise two solar farms operated by Solar Farms New York and one by Mecklenburg Solar.
Based on this information, it seems that industrial projects without community generated
distribution consist of large rooftop installations and community arrays developed prior to 2015.
In general, areas with the greatest number of industrial kW have lower zip code
densities and are in counties that have a higher percentage of rural populations than areas with
fewer industrial kW. Outside of Ithaca, zip code 12095, which corresponds with Johnstown, in
Fulton County, has the most industrial installations (10) in the NYSERDA dataset. All projects are
related to power purchasing agreements with National Grid. Two of these records are for
community projects and five are related to a 3 MW and 10 MW solar farm (New York State
Energy and Research Authority, n.d.-b).
The zip code tabulation area (ZCTA) for 12095 has a density of 202 people per square
mile and the population of Fulton County is 50% rural. On average, industrial – community
projects are more rural and have less zip code density than industrial projects without
community distributed generation. The smallest-scale industrial projects (less than 127 kW) are
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in the five counties of New York City, which have 0% rural population, and Westchester County,
which has 3% rural population. None of these five projects are community installations.
6.4.2 Small Commercial and Small Commercial – Community Projects
While large-scale community projects are classified as industrial, small-scale community
projects are classified as small commercial. The five zip codes with the lowest number of
community kW (less than 8 kW) are in Bronx, Kings and Queens counties. Queens also has one
the zip codes with the lowest number of small commercial kW. Astoria, which has a population
density of 67,000, is the location of the small commercial – community project. The small
commercial project is in Douglaston, on the border of Nassau County with a ZCTA population
density of 8,100. The four other zip codes with small commercial projects with the lowest kW
are in the upstate counties of Allegany, Cayuga, Chautauqua and Herkimer. The population
density of the zip codes ranges from 7 people per square mile in Silver Bay (Chautauqua) to
1,100 people per square mile in Van Hornesville (Herkimer).
Only 9% of small commercial projects are also community projects. More than half of
the small commercial - community projects were in New York City and another 16 were in
Nassau, Suffolk or Westchester counties. None of the five zip codes with the largest number of
small commercial kW contain community projects. These zip codes have an average of 43 small
commercial projects of an average size of 84 kW. Their population density ranges from 495
people per square mile (Queensbury in Warren County with a rural population of 34%) to 1,887
people per square mile (Happague in Suffolk County with a rural population of 3%). The three

96

remaining towns and counties are Saratoga Springs (Saratoga), Schenectady (Schenectady) and
Troy (Rensselaer), all of which have an average rural population of 30%.
The ten zip codes with the largest number of small commercial kW, which includes a zip
code in New York County, have an average zip code density of 12,000 people per square mile
and are in counties with an average rural population of 16%. In contrast, the ten zip codes with
least value of small commercial projects (2 kW or less in size) have an average zip code density
of 1,000 and are in counties with an average rural population of 45%. Except for Ulster, they are
upstate.

6.5 Solar Irradiation and Electricity Costs
The Lower Hudson Valley region was separated from the upstate region in part to see if
there was an impact created by solar irradiation or traditional electricity costs. As all regions
were significant for residential, not just the non-upstate regions, solar irradiation and traditional
electricity prices cannot be isolated as contributing factors to solar PV uptake. However, it
should be noted that solar was initially promoted on Long Island with LIPA incentives due to the
region’s higher levels of irradiation and higher transmission costs. The significance of solar PV
for all residential regions most likely reflects the role of policy to encourage solar PV throughout
the state. A positive correlation between solar irradiation and solar incentives was also noted by
Li et al. (2014). Kwan (2012), Robinson et al. (2015) and Crago et al. (2017) separately noted the
significance of solar irradiation when comparing solar PV uptake at the state or property level.
The largest concentrations of total kW by ZCTA are in the Lower Hudson Valley, the Con
Edison and LIPA territories and Tompkins County (Map 3). Compared to the rest of the state, the
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first three regions have higher irradiation levels and traditional electricity costs, as well as
similar levels of housing values, income and density. Tompkins County does not share any of
these attributes. While its high levels of community and industrial kW could be attributed to
Cornell University being located there, it also has high levels of residential kW. Factors driving
solar PV uptake in Tompkins County, as well as other selected areas, will be explored in the next
section.

6.6 Additional Drivers
6.6.1 Educational Institutions & Green Consciousness
One important driver of industrial-community solar in Tompkins County, as well as other
locations, is higher-level educational institutions. Among the two solar farms operated by Solar
Farms New York in the Ithaca ZCTA is Cascadilla Community Solar Farm, which occupies three
sites in Tompkins County. NYSERDA data indicates that Cascadilla is a 27 MW installation, but
other sources identify the farm as 18 MW, occupying 110 acres. Cascadilla will generate 20% of
Cornell’s energy as part of the university’s goal of becoming carbon neutral by 2035.
In addition to the two solar farms in Tompkins County, Cornell has an additional .09 MW
of rooftop solar on campus. Four additional farms, totaling 8 MW, are in Aurora (Cayuga
County), Geneva (Ontario County) and Harford (Cortland County) (Monticello, 2020). The towns
of Geneva and Seneca also host a combined 5 MW solar farm that supplies 50% of the energy
needed for Hobart and Smith Colleges (New York State Energy and Research Authority, 2018c).
In 2019, 21 public and private universities

in New York, including Cornell University and all SUNY

campuses, formed the New York Higher Education Large Scale Renewable Energy Project to
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“solicit new projects in the state to supply new renewable energy resources and promote the
development of a ‘green economy’”(Hanley, 2019).
Individuals employed at universities may also have more of a green consciousness or
sense of familiarity of technology, two factors noted by Schelly (2014) and Peters et al. (2018)
as personal motivators. Another potential driver identified by Schelly et al. (2020) is trust of the
contractor. Renovus Solar, noted in local media as a major installer of rooftop solar, has been
installing solar PV since 2003. Its website identifies it as the “leader of community solar
development and are one of the area’s most trusted and recommended local energy service
providers (Crandall, 2017; Renovus Solar, n.d.).” The company also reflects green
consciousness, running its trucks on biodiesel and partnering with local recycling and
composting initiatives.
Tompkins County was also noted as an area of green consciousness in a 2014 article on
the rank of New York counties outside of the LIPA region in terms of solar PV installations
supported by NYSERDA. Between 2003-2014, Tompkins County was the third in per-capita
residential installations and first in installed capacity in government facilities. In an article
discussing county-level uptake of solar PV, a project coordinator for Rochester Solar
Technologies contrasted Tompkins and Monroe counties, commenting: "I think when you look
at Tompkins County — that's kind of an anomaly there. They're a real eco-green community,
very liberal and down-to-earth. So there's a passion in the community there for solar. I don't
really see that passion in our area" (Orr, 2014).
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As of August 2020, Tompkins County is ranked seventh in terms of overall solar PV
projects in New York State with and without NYSERDA support. The six counties with the most
solar PV projects are Suffolk, Nassau, Queens, Richmond, Westchester and Orange. In terms of
total MW, Tompkins County ranks eighth, with Albany in seventh place, among projects
supported by NYSERDA. When projects without NYSERDA support are included, Tompkins drops
to 13th place, with Erie, Ulster, Saratoga and Monroe counties also ahead of it.
Although no statistical relationship was found between population density and solar PV
uptake at the county level, it is worth noting that Buffalo is in Erie County and Rochester is in
Monroe County. There appears to be a relationship between densely populated urban ZCTA
and solar PV uptake at the county level. While community solar farms in New York State are
required to sell their electricity within the county, this is not absolute. Con Edison, for instance,
serves 10 million customers in New York City and Westchester County. To provide these
customers with renewable options, it has large-scale solar and wind projects in 19 states (Con
Edison, n.d.). Even when solar energy produced on farms remains within the county,
community attitudes toward arrays vary, a topic which will be explored in the next section.

6.6.2 Land Use and Community Attitudes
Several sources indicate that after the 2015 authorization of community solar, rural
communities were flooded with proposals from developers. Areas mentioned in the local press
include the counties of Greene, Columbia, Livingston, the rural western half of Monroe County,
Orange, Sullivan, Tompkins and Ulster (McDermott & Orr, 2018; McKenna, 2019; Mishanec,
2020; Negley, 2017; Zambito, 2017). Reasons for interest in these regions included affordable,
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and especially agricultural, land; access to the electrical grid; and proximity to urban areas.
Many towns paused the proposal process to determine issues such as zoning, fees and
community acceptance (Hess & Lee, 2020; McDermott & Orr, 2018; Zambito, 2017).
As might be anticipated, community responses to solar was varied. Some communities
welcomed it, seeing an opportunity for farmers to receive income for unproductive land, while
others banned it (McDermott & Orr, 2018; Zambito, 2017). In the Hudson Valley, several
communities limited solar installations to less than 20 acres in size (Zambito, 2018). Common
concern over the loss of productive farmland resulted in NYSERDA creating incentives for
developers to avoid using farmland (Zambito, 2018). In other instances, compromise was
reached, often by developers moving projects away from sightlines or developing agrivoltaic
projects (Christensen, 2019; McDermott & Orr, 2018; Zambito, 2017). The latter is a term coined
for solar PV projects on agricultural land that incorporate sheep grazing or the growing of
pollinator-friendly plants (Friedlander, 2020).
Concern over the discard of solar panels has been another frequent concern though
sources indicate that solar panels are much less harmful to the environment than other
activities (Day, 2016). Solar panels are also recyclable, with companies such as SunPower and
First Solar offering global recycling programs to the customers (Durrenberger, 2020).
Community members have also expressed interest in the placement of solar panels on landfills
or brownfields (McDermott & Orr, 2018; Schuler, 2020; Shultz, 2020; Zambito, 2017). Many of
the issues and concerns featured in the local press echoed the findings of Schelly and her fellow
researchers in their study of Long Island (Schelly et al., 2020).
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This concern is likely to grow with the repeal of Article 10. Community legislators in
Niagara County have chosen to opt of out of tax exemptions for large-scale solar and wind
projects in protest. Local community groups and legislators have also objected to the change in
regulations. Whether these large-scale installations are ultimately met with acceptance remains
to be seen (Mishanec, 2020; Rusack, 2020; Schuler, 2020).

6.7 The Need for Further Research
The questions and concerns around suitable land use indicate the need for additional
research, not only to determine the most suitable sites for large-scale solar PV farms, but also to
identify potential for solar in New York State and how much of this potential is met with current
capacity. New York State conducted a solar study in 2012 and maintains data on existing
installations, but the study needs to be updated for planning purposes (New York State Energy
and Research Authority, 2012b). The Long Island Solar Map (solarroadmap.org), which considers
the potential installed capacity for parking lots, rooftops and ground-mounted arrays, is a
potential resource (Price et al., 2021), especially if it is expanded to include the rest of the state.
However, due to its nature as a planning tool for installations larger than 250 kW, it does not
include information on existing installed capacity. One option for this type of analysis would be
using a combination of remote sensing and machine learning, similar to a project to map PV
installations in California conducted by researchers at Duke University (Bradbury et al., 2016).
Conducting such research on a state level would be a large undertaking, but it might
facilitate solar PV uptake in a way that precludes community opposition. Another important
element of research is cost-benefit analysis, especially as the NYSERDA data shows that large-
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scale projects are more cost efficient than smaller scale ones. Research is also needed on the
type of land where solar farms are being installed and if there are long-term consequences. A
professor at Cornell University, for instance, is currently conducting research on the
microclimates, solar radiation, temperature and soil moisture of ten sample solar farms to
determine solar array configurations that avoid land-use conflicts. The study will also help to
determine if agriculture and energy development can coexist (Friedlander, 2020; McDermott &
Orr, 2018).

6.8 Limitations of the Study
One of the main limitations of this study is that it only analyzed data related to projects
supported by NYSERDA, which may result in a false perception of the current distribution of
solar in New York State. For instance, there are no industrial-sized installations supported by
NYSERDA in Long Island. However, the largest solar PV power plant in the Eastern United States
is the Long Island Solar Farm (LISF), a 32 MWac plant completed in 2011. A collaboration of BP
Solar, LIPA, and the Department of Energy, LISF is located on the site of Brookhaven National
Laboratory (Brookhaven National Laboratory, n.d.).
The largest facility included in the DER dataset is a 38 MW installation at Co-op City in
the Bronx. While there is no detail on the project on Co-Op City’s website, a newspaper article
about the potential project mentions solar panels on the garages of the 35-building complex.
Neither this project nor the 3.8 MW installation on the rooftop of the Stuyvesant Town
apartment complex in Manhattan are included in the NYSERDA dataset (McGeehan, 2019).
While this paper was not able to provide a summary of all solar projects in New York State, it
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was able to provide a synopsis of the projects supported by NYSERDA, identify gaps in the
research and data and confirm drivers of solar PV. This is especially important as New York State
progresses with its goal of 6 MW of distributed solar.
Another limitation is the accuracy of the data. While the data includes information from
NYSERDA – funded programs, it is not clear how this information is collected or entered in the
dataset.
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7. Conclusion
Solar PV plays an essential role in the clean energy future of New York State. To support
this technology, agencies have created incentives to promote solar PV on rooftops and in
ground-mounted arrays across the state. This has resulted in impressive growth, particularly in
the residential and small commercial sectors. While government policy has played a strong role,
statistical analysis reveals that residential PV is most likely to be found on the roofs of upper
middle-class homes (as defined by housing value and income). This is particularly true in areas
with a significant number of individuals employed in computer and engineering, healthcare or
protective services jobs.

While the correlation between solar PV and upper-middle class homes has been noted
by other scholars, this is the first study to identify it as a key factor across New York State. This
is also the first study to find a relationship between employment and solar PV, though early
adoption of PV by individuals comfortable with technology has been noted by other scholars.
More than socioeconomics however, space and density are responsible for the configuration of
solar PV across the state. Small commercial installations are found in less densely populated zip
codes in urban counties and more densely populated zip codes in more rural counties.

By their very nature, larger-scale industrial installations need more space, and so are
more likely to occur in more rural counties, but this not absolute. As communities have been
hesitant to approve large-scale installations, delaying their development, the state government
has recently removed community approval requirements from the permitting process. This has
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led to opposition and concern over the potential change to rural communities. It has also raised
questions about the role of upstate in supplying the renewable energy demand of downstate.

While downstate has greater numbers and kW of PV installations, the individual projects
are much larger upstate. However, more research is required to determine the exact nature
and impact of solar PV on the regions of New York State. This includes, not only studies
underway about potential interactions between and solar farms, but also to identify potential
for solar in New York State and how much of this potential is met with current capacity. One
immediate course of action would be map solar PV at a finer resolution than county or zip code.
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